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COMPARISON OF CALCULATED RADIOCHEMICAL CROSS SECTIONS
WITH EXPERTMENTAL, RESULTS FOR INCIDENT PROTONS
AND =~ MESONS IN THE 50- TO 400-MeV REGION:
EFFECT OF VARYING A FEW NUCLEAR PARAMETERS
IN THE CALCULATIONS* »¥¥

Hugo W. Bertini

Abstract

Comparisons are made between theoretical predictions
and experimental data for several (p,xpyn) reactlions in-
volving C, Al, Cu, and U and for the (n~,n™n) reaction in
carbon. Interaction energies range from about 50 to 400
MeV. The theoretical model employs the two-step cascade-
evaporation mechanism and includes the effect of the dif-
fuse nuclear surface. The comparisons for the proton-
initiated reactions indicate that agreement to within
about 40% can be expected when the reaction cross section
is about 100 mb, but the values can differ by factors of
5 or more when the cross section is about 10 mb., The
agreement for the (x~,x™n) reaction on carbon was fair.
This reaction can be used for the measurement of the real
part of the optical-model potential, and the method for
doing so is described. The effects of the diffuse nuclear
surface in conjunction with changes in the nuclear radius
on the (p,pn) reaction are discussed. Finally, results are
given for the dependence of the (p,xpyn) cross sections on
the transition energy used in the calculation between the
cascade and evaporation processes. A tabulation of cal-
culated and experimental cross sections, which includes
all those used in this study, is attached as an appendix.

I. Introduction

Four aspects related to the prediction of radiochemical cross sec-
tions will be discussed in this paper. The first is the accuracy of the
calculated (p,xpyn) cross sections when the cascade-evaporation model is
employed. The energy range considered is from about 50 to 400 MeV. The
second is the relationship between the nuclear size and density distri-
bution to the predicted (p,pn) cross section in carbon. The third is a

discussion of the 12¢(x~,n™n)11C reaction in the 50- to 300-MeV energy

*Research partially sponsored by the National Aeronautics and Space
Administration under Order No. 104{1).
**This report, without the appendix, has been submitted for journal

publication. 1
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region, which includes a comparison with experiment and a possible rami-
fication attributable to the energy dependence of this cross section.
The fourth is the effect of the theoretical transition energy between
the cascade and the evaporation on the calculated cross sections.

The two-step cascade-evaporation mechanism is employed in the
theoretical calculation of these cross sections. The details are given
elsewhere.l The most important difference between these calculations
and those undertaken previously2 is that a diffuse nuclear surface is
included. The evaporation program that was used in this report was
modified® from that used in the previous work.l The pertinent modifi-
cation is the inclusion of recently published binding energies® in the

program.

II. (p,xpyn) Reactions

The (p,xpyn) reactions that were selected to test the accuracy of
the calculations were those in which x and y were small, that is, one
or so, and those in which they were relatively large. The targets
selected span the periodic table. Those reactions were used for which

an energy dependence could be determined.

Much of the earlier experimental cross-section data have been com
piled and renormalized by Bruninx. In some of the figures discussed
below, his CERN reports® are cited rather than those of the original
workers in order to make comparisons with data that are consistently
normalized to the monitor reaction, 27Al(p,3pn)24Na. There apparently
was a wide variation in the monitor values at the time the early work
was performed.

The comparison between the experimental data and theoretical pre-
dictions are illustrated in Figs. 1 through 8. The agreement illustrated
in Fig. 8 for the (p,3p9n) reaction in uranium is misleading. Many of
the reactions in heavy elements result from fission, which is not taken
into account in the calculation. Therefore, many of the predicted re-
action cross sections in this mass region can be in considerable error.

On the basis of Figs. 1 through 8, however, one can say that in
general the predictions from the calculation will be within about 40%
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of the measured reaction cross sections when the cross sections them-
selves are about 100 mb, but they may differ from the measured values

by factors of 5 or more when the cross sections are about 10 mb or

smaller.
ORNL-DWG 65-11539R3
100
90 \%
\
80 A
\I' \
\
\
70 % \
\A
\
60 \
\
> \.
E 50 \ J CALCULATION
b \ \
L —
40 sy 5
‘%\\“‘*}‘"-i-“—ﬂl’-~~-__
30 4
EXPERIMENT
20 o J.B. CUMMING, MUCL. PHYS. 43, 417 (1963)
s L. VALENTIN ef al., J. PHYS. 25, 704 (1964)
s C. BRUN, M. LEFORT, AND X. TARRAGO,
10 J. PHYS. RADIUM 23, 167 (1962)
B FROM COMPILATION BY E.BRUNINX, CERN 61-1 (1961)
v V. PARIKH, MUCL. PHYS. 18, 628 (1960)
0 I R R IR I
0 100 200 300 400

INCIDENT PROTON ENERGY (MeV)

, Fig. 1. Cross Section for the 2C(p,pn)t!C Reaction vs Incident
Proton Energy.



ORNL—-DWG 65—14540R2

| | |
EXPERIMENT

C. BRUN, M. LEFORT, AND X. TARRAGO,

20 ' T I

»

18

N J. PHYS. RADIUM 23, 467 (1962)
\ o G.V.S. RAYUDU, CAN. J. CHEM.
\A 42, 149 (1964)
16 \ 4 M. HONDA AND L. DEVENDRA,
\ PHYS, REV. 18, 1618 (4960)
4 \ v V. PARIKH, MUCL. PHYS. 18, 646 (1960)
\A
\
12 \
\ | |
£ 0 o= —]—
b N\ {
AN
8 ? \\ { ) v T.
6 —
4
CALCULATION
2
0 | | ‘ | |
0 100 200 300 400

INCIDENT PROTON ENERGY (MeV)

Fig. 2. Cross Section for the 12¢(p,3p3n)7Be Reaction vs Incident
Proton Energy.




ORNL-DWG 65-11537R3

EXPERIMENT
°© J.B. CUMMING, MUCL. PHYS. 49, 447 (1963)
4 FROM COMPILATION BY E.BRUNINX, CERN 61-1 (1961)
v BRUN, LEFORT, AND TARRAGO,

J. PHYS. RADIUM 23, 167 (1962)

[. LEVENBERG e al., MUCL. PHYS. 51, 673 (1964)
V. PARIKH, MUCL. PHYS. 18, 638 (1960)
V.

A

v
® V. PARIKH, MUCL. PHYS. 18, 646 (1960)
14
12
a b L//T
s A
¥ \ a1 l
10 7/ v *
/ \s\ e
I \E__A/
|a
8 / 1
2| AN SR
\b’ 6 ’ \\ | ././
’A \. I//
l ! | 1
4 I l 1
§) CALCULATION
> /
/A
3
O -
0 100 200 300 400

INCIDENT PROTON ENERGY (MeV)

Fig. 3. Cross Section for the 27A_]_(p,_'31)1’1)241\18. Reaction vs Incident
Proton Energy.




ORNL-DWG 66-3893R2

EXPERIMENT
s N.M.HINTZ AND N.F. RAMSEY, PHYS. REV. 88,19 (1952)
v V. PARIKH, NUCL. PHYS. 18, 638 (1960)

o FROM COMPILATION BY E.BRUNINX, CERN 61-1 (1961)
¢ J.B.CUMMING et a/. PHYS. REV. 128, 2392 (1962)

10
AN
o AN ) Lo e
[N il
A N ’r/
2 , l/ﬁ‘l;< g
N , l /J t . 1 }/
| |

|
.' CALCULATION
|

o 50 100 150 200 250 300 350 400 450
INCIDENT PROTON ENERGY (MeV)

Fig. 4. Cross Section for the 27A1(p,5p5n)Ll8F Reaction vs Incident
Proton Energy.




ORNL-DWG 65-11544R3

0
20 | | T | | l 1
EXPERIMENT
180 5 H.P. YULE AND A. TURKEVICH, PHYS. REV.
18, 1594 (1960)
o FROM COMPILATION BY E.BRUNINX,CERN 61-1(1961)
160 s L. P. REMSBERG AND J. M. MILLER, PHYS. REV,
130, 2069 (1963)
|\
120 i\\
5 }
£ 100 AN I
b T%\ T
80 \\% L]
by Iy
60 .
X 4
40
f CALCULATION
20
0
0 100 200 300 400

INCIDENT PROTON ENERGY (MeV)

Fig. 5. Cross Section for the ®°Cu(p,pn)®4Cu Reaction vs Incident
Proton Energy.




ORNL-DWG 65-11543R3

10 |
EXPERIMENT

9 o FROM COMPILATION BY E.BRUNINX, CERN 611 (1961)—

l

i
8
7 !

§ CALCULATION

6 — !

(N W

/1 N\

o (mb)
(6)]
\

2
/"’—T\\
N———
I T
0 . /{/
0] 100 200 300 400

INCIDENT PROTON ENERGY (MeV)

Fig. 6. Cross Section for the 65Cu(p,2p’7n)571\Ii Reaction vs Incident
Proton Energy.




ORNL—-DWG 65-11542R3

120 }
1 }\ T
" \%\
80 l\ o [ ]
1 \\‘ -
2 s |
E 60 !
b ’ |
40 } CALCUL ATION
| |
EXPERIMENT
20 o FROM COMPILATION BY E. BRUNINX, CERN 62-9 (1962) |
0
0 100 200 300 400

INCIDENT PROTON ENERGY (MeV)

Fig. 7. Cross Section for the 238U(p,pn)?37U Reaction vs Incident
Proton Energy.




10

ORNL-DWG 65-11541R3

5
—  EXPERIMENT
o FROM COMPILATION BY E.BRUNINX, CERN 62-9 (1962)
4 s
i
||, . ]
/;ly
3 /'/ 1
£ A
]
b
/
2 ) //
T /
L/
|
l 7
l;)//u ’
/
1 e i
// : { CALCULATION
y !
/
0] )f a |
0] 100 200 300 400

INCIDENT PROTON ENERGY (MeV)

Fig. 8. Cross Section for the 238U(p,3p9n)227Th Reaction vs Inci=-
dent Proton Energy.




11

ITI. Effect of Nuclear Size and Density Distribution
on the (p,pn) Cross Section of a Light Element

The discrepancies observed®:7 between experiment and the calcula-
tions of Metropolis et al.? were attributed to the lack of a diffuse
nuclear surface in the nuclear model used in the calculations. This
effect has been investigated for medium- and heavyweight elem.ents,1
and the investigation will now be extended to a lightweight element,
carbon.

A1l but one of the nuclear radii and density distributions that
were used are illustrated in Fig. 9, and the results for all of the
distributions are given in Table 1. The small-radius, uniform density
distribution is that employed by Metropolis et al.? The root-mean-
square (rms) radius, uniform density distribution (not illustrated),
with a radius of 3.58 F, has the same rms radius as Hofstadter's curve
illustrated in Fig. 9. The configuration with the medium-radius, non-
uniform density distribution best approximates Hofstadter's distribution;
that is, it accounts for the diffuse nuclear surfaée, and it is the one
used in all cases where the configuration is not specified. Hence, the
configurations with the medium-radius, nonuniform distribution and rms,
uniform distribution have essentially the same rms radius.

The discrepancies between the results using the small-radius nu-
clear configurations and experiment are considerably reduced by the use
of the medium-radius, nonuniform configuration. The results from the
rms-radius, uniform configuration are significantly smaller than those
using the medium-radius, nonuniform configuration, but not as small as
those from the small-radius, uniform configuration.

An examination of the data in Table 1 reveals that the discrepancy
can be reduced by simply increasing the size of the nucleus while keeping
the density distribution uniform; therefore, it is difficult to attribute
the reduction of the discrepancy solely to the diffuseness of the nuclear

surface.
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IV. The *2¢(x~,x™n)1C Reaction

The 12¢(x~,x n)12C reaction cross section was calculated for sev-
eral pion energies, and the results are compared with experiment in
Fig. 10. The general agreement between the experimental. results and
those for the standard configuration is fair. There is significant im-
provement over the results using the small-radius configurations.

These data are interesting because it may be possible to determine
the real part of the optical-model potential by their use. The reason
is as follows: the shape of the cross-section curve has a peak at an
energy in the vicinity of the energy of the peak of the free-particle
at 4+ p (or =~ + n) cross section. This strongly implies that the
12¢(n~,n™n)22C reaction occurs predominantly through the direct inter-
action of the incident n~ with a loosely bound neutron followed by the
subsequent emission of both the pion and the neutron without further
collisions. The neutron must be loosely bound and the pion and neutron
must escape without further collisions, because both conditions cause
the excitation energy of the residual nucleus to be small. The residual
nucleus must be left with little excitation energy after the pion and
neutron escape; otherwise, it will evaporate a particle and the final
nucleus will not be 13C.

Assuming that the reaction is dominated by this direct "knockout"
process, one would expect the reaction to occur with the greatest proba-
bility at an interaction energy that corresponds to the peak in the
free-particle = + n (i.e., n¥ + p) cross section (about 190 MeV). If
the optical-model potential is real, negative, and about 25 MeV as
analysis indicates,8 then in order for the interaction energy to average
about 190 MeV the incident particle energy must be about 165 MeV, since
the pion will gain energy as it enters the nucleus, where it experiences
the effect of the nuclear forces.

The trend in this direction for the calculated data which include
the potential for pions is visible in Fig. 10. The errors associated
with the experimental data are too large to allow the peak in the cross
section to be located with sufficient accuracy to determine the strength
of the potential. However, other experiments might be performed with

this as a goal which could corroborate the optical-model analysis using
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a completely different reaction. An increase in the accuracy of the
experiments from about 10 to 5% or less should be sufficient.

The calculated cross section for the 12¢(nt,nN)11C reaction is
illustrated in Fig. 10 also. It is smaller than the calculated
12¢(n~,xn)12C reaction by factors that are entirely consistent with
the direct knockout assumption; that is, the cross sections for these
reactions are reflections of the m-nucleon free-particle cross sections.
Hence, these very detailed cascade-plus-evaporation calculations confirm
the results obtained from the crude method employed by Wilkinson and
shed no light on the anomolous experimental behavior of these cross
sections;? that is, the measurements indicate that they have the same

values.

V. Energy of Transition from Cascade to Evaporation

One of the most arbitrary decisions that must be made in the cas-
cade-evaporation calculations is the determination of the transition
energy separating the cascade phase from the evaporation. This energy
is usually taken to be about the size of the Coulomb potential at the
surface of the nucleus.}?? However, at these energies the de Broglie
wavelength is about 1 F, the same size as the internucleon distances
within the nucleus, and therefore one is well beyond the limits of
validity of the cascade calculation.

The results from an investigation of the effects of a variation of
this transition energy, or cascade cutoff energy, on the radiochemical
cross sections are illustrated in Tables 2 through 5. As expected, the
calculated (p,pn) cross sections generally decrease with increasing
cutoff energy, but there is no trend clearly visible in the reactions
in which many particles are emitted. In the latter cases the trends
may be masked by the poor statistics. It is interesting to note that
for the reactions considered the most consistent agreement is obtained
using the cutoff energies of 10 MeV or less, that is, about the size of

the Coulomb potential.
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Appendix

This appendix presents a tabulation of available experimental cross
sections with which the calculations could be compared, as well as the
calculated cross sections themselves. Those data for which some de-
pendence could be determined were used as a basis for the conclusions
presented in the text.

The numbers given in parentheses in column 5 were obtained with a
version of the evaporation code that is different from that described in
the text. This version is described in ref. 1 below. It differs from
the one described in the text in that estimated masses (particularly for
N or Z £ 10) were used rather than measured masses, and 8Be breakup was
not included. The estimated masses compared quite well with the meas-
ured masses;2 therefore the difference between these versions is quite
small for A > 8. All other values in this column were obtained with

the unmodified version.3
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TARGET

NUCLEUS

BE(
8E(
BE(
BE(
C(
cl
cl
ct
[}
ct
[
ct
o1}
cl
ct
Ct
ct
ct
(o}
ct
ct
ct
ct
ct
ct
cl
Cl
Ct
cl
cl
ct
ct
ct
cl
ct
cl
cl
cl
ct
ct
ct
ct
N{(
N{
N{
N
N{
N{
N{
N¢
NI
N{
N{
N(
N{

4)

4y

4)
4)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6}
8)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
6}
6)
6)

7}
7
7)
7

7
n
T
7)
g
m
7

RESIDUAL
NUC LEUS
BEL T, &)
BE( 7, W)
BEL 7, W&)
BE(L 7, &)
Cl Ly 6)
cer, 6)
CtL 11, o)
ClL I, 6}
ct 1, 6)
Ctity, &
ceil, 6)
cCell, &)
ceit, 6)
cti11, 6)
Ctity, 6)
Celty, &)
cetll, 6)
Ct iy, o)
ceir, 6)
cttty, 6)
Ctti, 6)
ctir, 6)
ceir, 6)
ctity 6)
c( 10, 6)
ct t0, 6)
cei10, 6)
cei1a, 6)
ct 10, 6)
cte 10, 6)
BE( 10, u4)
BE( 10, &)
BE( T, W)
BE( T, u)
BE ( Ty W)
BE( T, &)
BE( 7y, &)
BE( T, u&)
BEL T, &)
BE( 7, &)
LIr¢ 8, 3)
LIt 8, 3)
o( tu, 8)
o 14, 8)
NC 13, T7)
NC 13, T)
NC 13, T)
NC 13, T)
NC 13, T)
cetty, o)
ceity, 6)
ct1t, &
ct 11, 6}
ct 11y, 6)
cCCily 6}

25

ENERGY SIGMA (MB)

(MEV) CALCULATEC EXPERIMENT
t50.0 0.91

155.0 g.8 + 0.5
350.0 0.71

352.0 12.0 + 0O.u48
20.7 3€.C + 1.3
211 32.9 + 1.1
25.0 112.0 ( 96.0 )

50.0 76.0 ( 70.0 ) 8C.C + 5.C
50.5 Eboy + 2.6
100.0 52.0 ( u8.0 ) 61.C
100.0 62.0
150.0 52.0 { 49.0 ) 43.0
150.0 45.C
150.0 4é.2 + ok
200.0 48.0 ( 45.0 )

202.0 38.3
250.0 45.0 ( 44.0 )

252.0 36.3
300.0 41.0 ¢ 39.0 )

302.0 4.7
350.0 43.0 ( 43.0 ) 36.C + C.7
383.0 316 + 1.01
400.0 46.0 ( 43.0 )

420.0 3.2 + 2.8
150.0 ted { 2.2 )

155.0 2.6 + 0.3
350.0 077 ( 2.5 )

365.0 3.55

400.0 0.3t ( 3.7 )

420.0 3.30

200.0 2.8 (1.9

220.0 1.8 + 0.6
100.0 4.8 ( 2.9 ) 15.C
150.0 S (2.6 ) IC.5
200.0 4.8 ( 1.4 )

208.0 6.8 ¢+ |.C5
300.0 3.56 ( 0.93 ) 1.3 + C.7
350.0 3.7 (1.6 )

352.0 8.2
400.0 3.9 ( 1.6 ) 9.6 + Qo7
340.0 C.?7C + C.2C
350.0 O.u6 ( 0.30 )

150.0 2.9

155.0 0.C75 + C.Cl
25.0 56.0 4C.0
50.0 37.0 22.0
100.0 33.0 12.0
150.0 26.0 8.t
400.0 27.0 .6
25.0 2.4 L2.0
50.0 12.0 1E.5
100.0 8.1 17.2
150.0 7.3 16.3
400.0 6ol

420.0 22.6
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TARGET
NUCLEUS
N b,
N{ 14,
NU 14,
N 14,
NC T4,
NE T,
00 16,
o( 16,
ot 16,
ol 16,
ot 16,
ot 16,
ot 16,
ol ’
ot 16,
ot 16,
o 16,
ol 16,
ot 16,
ol 16,
of 16,
ot 16,
ot 16,
ot 16,
ot 16,
ot P
[¢] '
ot 16,
of 16,
ot 16,
ot 16,
ot 16,
ot 16,
ot 16,
ot 16,
ot 16,
ot 16,
ol '
o( ’
ot 16,
o( 16,
ot 16,
0( '
ot 16,
ol 16,
ol 16,
ot 16,
ot 16,
ot 16,
of y
o( '
ot 16,
ol '
ol 16,
ot 16,

Ig)
7)
s
n
7
m
8)
8)

8)
8)
8)
8)
8)
8)
8)
8)
8)
8)
8)

8)
8)
8)
8)
8)
8)
8)
8)
8)
8)
8)
8}
8)
8)
8}
8)
8)
8)
8)
8)
8)
8)
8)
8)
8)
8)
8)
8)
8)
8)
8}
8)
8)
8)

RESIDUA
NUC LEUS
ct o,
ct 10,
BE(L 7,
BEL T,
LIt 8,
LIC 8,
0 15,
ot 1S,
ol 15,
ot 15,
0l 15,
ot 15,
ot 15,
ot 15,
of 1k,
ot 1y,
N( 13,
NC 13,
N{ 13,
NC 13,
N{ 13,
NC 13,
N 13,
N LS,
NL 13,
N(E 13,
NC 13,
ct i,
coe i,
ct i,
ct ti,
ce i,
coeiy,
ct i,
ce i,
clttt,
ctL i,
ct i,
ct i,
ct t0,
c(ei1a,
ce10,
cue 10,
BE( T,
BE( T,
BE( 7,
BE( T,
BE( 7,
BE( 7,
BE{ T,
BE( Ty
BE( T,
BE( 7,
BE( T,

LIt 7,

L

6)
6)
4)
4)
3)
3)
8)
8)
8)
8)
8)
8)
8)
8)
8}
8)
7)
7)
7)
7)
(&)
7
i8]
7)
7
7)
e
6)
6)
6)
6)
6)
6)
5)
6)
é)
6)
6)
6)
6)
6}

6)
4)
4)
4)
4)
4)
4)
4)
L)
W)
4)
4)
3)

26

ENERGY
(MEV)

150.0
155.0
150.0
155.0
340.0
350.0

25.0

50.0
100.0
150.0
350.0
362.0
400.0
420.0
150.0
155.0

25.0

25.0

50.0
100.0
150.0
150.0
350.0
362.0
400.0
420.0
420.0

25.0

35.0

50.0

51.0

95.0
100.0
150.0
350.0
362.0
400.0
420.0
420.0
150.0
155.0
woo.0
420.0

50.0

52.0
100.0
110.0
150.0
200.0
208.0
297.0
300.0
396.0
400.0
150.0

CALCULATED

0.65
1.5
0.33
128.0
68.0
54,90
55.0
40.0
48.0
3.9
0.68
11.0
5.80
4.60
5.5

3.8

0.51

O34
017

SIGMA (M8)

EXPERIMENT

1.6 + C.3

6.5 + 1.C
0.55 + C0.16

25.0
6.0
59.0
42.C
2C.2 + 2.C2
3C.7

C.9 + GC.I

1.0 + C.ul

14.C + 3.5
65

2.5 + 0.8

13.C + 0.7
15.2 + C.7

t1.5 + Co5
13.6 + 1.632

3.0 + 7.75
8ol
1.0 + 0.2
6ol
2.0 + 0.5
5.0 + |
2,8 + 1.C
4.B9 + 1.22
6.54 + .63
T.47 + 1.87

REF
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TARGET

NUCLEUS

ot

o1}

ot

ot
ALt
ALl
AL(
AL{
ALt
ALl
ALt
AL(
ALt
ALt
AL(
AL(
AL
ALt
ALt
AL(
YN
AL(
ALl
ALt
ALt
AL(
AL(
AL(
ALt
ALt
AL(
AL
ALl
AL(
AL
AL(
ALt
AL(
AL{
AL(
AL
ALt
AL(
ALL
AL(
At(
AL(
AL(
At
ALl
AL{
AL{
AL(
AL(
AL{

16,
16,
16,
16y
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27
27,
27y
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27
27,
27,
27,
27,
27,
27,
27,
27y
27,
27,
27,

8)
8)
8)
8)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

13)

RESIDUAL
NUC LEUS
Lre 7, 3
LIt 6, 3)
LIt 6, 3)
LIt 6, 3
MG 27, 12)
MG( 27, 12)
MG 27, 12)
MG( 27, 12)
MG( 27, 12)
MG( 27, 12)
MG( 27, 12)
MG( 27, 12)
MG 27, 12)
MG( 27, 12)
NAL 24, 11)
NA( 24, 11)
NAC 24, 11)
NAC( 24, 11)
NAC 24, 11)
NAC 24, 1)
NA( 24, t1)
NAL 24, 11}
NAL 24, 11)
NAC 24, 11)
NAC 24, 11)
NA( 24, I1)
NAC 24, §1)
NA( 24, 1)
NAC 24, 11)
NAL 24, 11)
NAL 23, L)
NA{ 23, 11)
NAL 22, 1)
NA( 22, 11)
NAL 22, 1)
NAL 22, 1)
NAC 22, 1)
NAC 22, 11)
NAL 22, 11D
NA( 22, 1)
NAL 22, 1)
F{ 18, 9)
FL 18, 9)
F(L §8, 9}
FC18, 9
F( 18, 9)
Ft 18, 9)
F(L 18, 9
FL I8,
F{ 18, 9)
FL 18, 9}
FL 18, N
FC 18, 9)
NCI3, T
NCI3, T)

27

ENERGY
{MEV) CALCULATEC

156.0
150.0 0.68
155.0
156.0
130.0
150.0 0.0 ( O
200.0 0.0 ¢ O
240.0
250.0 0.0 ( O.
280.0
300.0 D.0 ¢ O
320.0
380.0
400.0 0.0 (
25.0 0.0 (
37.4
50.0 9.5 ( 12.0
5041
50.6
100.0 []
150.0 3
150.0
200.0 3.
200.0
250.0 4
300.0 3
300.0
350.0 3.9 L 1t.0
350.0
400.0 3.7T € 9.5
150.0 28.0 ( ui.0
155.0
25.0 0.0 ¢ 0.0 )
29.7
50.0 13.0 ¢ 18.0
50.1
50.6
100.0 40.0 { 45.0
150.0 23.0 ( 30.0
335.0
350.0 21.0 { 26.0
100.0 2.06
200.0 1.7 { 3.9 )
202.0
250.0 feh ( 4.3 )
259.0
294.0
300.0 1e6 ( 3.3 )
342.0
342.0
350.0 2
400.0 2.5
410.0
400.0 0.2 (¢ 1.0
410.0

SIGMA (MB)
EXPERIMENT
lu,0
12.C + 4.0
9.8 + 1.4
C.C8¢& + 0.CChu

C.081 + .CuC
C.CS4 + .CO3

C.i43 + C.CC?

C.155 ¢+ CCH2
O 164 +.C16

742 + .72
c.78

REF
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AL(
AL(
AL(
ALl
AL(
AL(
CRY¢
CR{
CR{
CR{
CR{
CR(
CR
CR(
CR(
CR{
CR{
CR(
CR(
CR(
CR{
CR{
CR{
CR(
FEL
FE(
FEL
FE(
FE(
FE(
FE{
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FEL
FE(
FE(
FEI
FEC
FE(
FE(
FEL
FE(
FE(
FE(
FE(
FE(
FEC
FEL

TARGET
NUCLEUS

27,
27,
27,
27,
27,
27,
SC,
50,
52,
52,
52,
52,
52,
52,
52,
52,
52,
52,
52,
52,
52,
52,
52,
52,
Sk,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
54,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,

13)
13}
13)
13)
13)
13)
2u)
24)
24)
24)
24)
24)
24)
24)
24)
2u)
24)
2u4)
24}
24)
24)
24)
24)
24)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26}
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26}

RESIDUAL
NUCLEUS

[a N e Nl
-~

BE{
BE(
CRY{
CRY{
MN(
MN{
MN{
MN(
MN(
MN(
MN(
MN{
MN(
MN{
CRY{(
CR(
CR{
cRrR{
CR(
CR(
FE(
FE(
cot
cof
co¢
cot
col
col
Co(
cot
cot
cot
caot
cot
cot
cot
cot(
cot
cot
FE(
FEL
FE(
FE{
FE(
FEL
FE {
FE
FEL
FEL
FE (
FEI

-

- . e w

49,
49,
52,
52,
52,
52,
52,
52,
51,
S50,
51,
50,
50,
51,
49,
49,
49,
49,
53,
53,
56,
56,
56,
56,
56,
56,
56,
56,
56,
55,
55,
55,
55,
55,
55,
55,
55,
55,
55,
55,
55,
55,
53,
53,
53,
52,
52,
52,
52,

6)

6)

6)

6)

4)

4)
24)
24)
25)
25)
25)
25)
25)
25)
25)
25)
25)
25)
24)
24)
24)
24)
24)
24)
26}
26)
27)
2T)
27)
27)
27
27)
27)
27}
27)
2T)
27)
27)
27)
27)
27)
27)
217
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)

28

ENERGY SIGMA (MB)

(MEV) CALCULATEC EXPERIMENT
335.0 2.1
350.0 0.0 { 0.0

w00.0 Oole

410.0 3.C
335.0 Ie6
350.0 0.0 ¢ 0.0 )

350.0 13.0

370.0 48.2 + 2.9
150.0 20.0

155.0 3.9 + 0.6
350.0 9.3

370.0 1.43
370.0 1eli6
370.0 145 + 0.4C
350.0 3.32

370.0 C.86
370.0 C.8C
370.0 0.83 + 0.07
350.0 6047

370.0 5942 ¢+ 4.5
350.0 12.63

370.0 S.6
370.0 6.2
370.0 5.9 + 0.6
400.0 Selb 4e.0
400.0 4s.0
100.0 19.18

150.0 leb6 + 03
200.0 9.59

340.0 C.24
370.0 91
370.0 «95
370.0 »9C
370.0 «92 + 0.C6
w00.0 6.51

100.0 8.9

150.0 1.7 + 04
200.0 Selh

370.0 C.76
370.0 C.79
370.0 C76
370.0 «77 + 0.C8
400.0 3.77

100.0 111.67

t50.0 11CC + 1C.C
200.0 95.57

370.0 63.5 + 3.8
400.0 78.10

100.0 11.99

150.0 3c.C + 2.C
200.0 8.56

100.0 2.40

150.0 502 + a4
200.0 1.37

340.0 C.68
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FE(
FE(
FEL
FEL
FE(
FE(
FEL
FEl
FE(
FE(
FE(
FE{
FE(
FE(
FE(
FE(
FEL
FE(
FE(
FE(
FEL
FE(
FE(
FE(
FEL
FE(
FEL
FE(
FE(
FEL
FE(
FEL
FE(
FE(
FEL
FEl
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE{
FEL(
FE{
FE(
FE{

TARGET
NUCLEUS

Sé,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
564
56,
56,
56,4
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,

26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26}
26)
26)
26)
26}
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26}
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)

RESIDUAL
NUC LEUS

FE(
MN(
MN{
MN(
MN{
MN{(
MN(
MN{
MN{
MN(
MN{
MN(
MN{
MN{
MN(
MN{
MN(
MN{
MN(
MN(
MN(
CR(
CRI(
CR{
CRY(
CRI
CR(
CR{
CR{
CR(
CR
CR(
CR{
CRI(
CRI(
CR{

Vi

vi

Vi

vi

Vi

vi

Vi

v

vt

Vi

Vi

Vi

vl

vi

vi
TI(
Tt
Tid
Tt

52,
56,
56,
56,
56,
S5k,
S4,
Sy,
Sk,
Sk,
52,
52,
52,
52,
52,
51,
S5t,
51,
51,
51,
51,
51,
51,
51,
Sl
49,
49,
49,
49,
48,
w8,
48,
48,
48,
49,
49,
48,
48,
48,
48,
48,
W7,
47,
45,
5,
45,
45,

26)
25)
25}
25)
25)
25)
25)
25)
25)
25)
25)
25)
25)
25)
25)
25)
25}
25)
25)
25)
25)
2u)
24)
24)
2h)
24)
24)
24)
24)
24)
24)
24)
2u4)
24}
24}
24)
23)
23)
23)
23)
23)
23)
23)
23)
23)
23)
23)
23)
23)
23)
23)
22)
22)
22)
22)

29

ENERGY SIGMA (MB)

(MEV) CALCULATED EXPERIMENT
400.0 0.0

t00.0 0.0

150.0 C.7 + G.2
200.0 0.0

340.0 C.59
#00.0 0.0

t00.0 43.50

150.0 36.0 + 16.C
200.0 bu.19

340.0 12.0
400.0 B1.45

100.0 72.28

150.0 i4.C + 3.C
200.0 46.93

340.0 12.9
400.0 31.17

100.0 24,32

150.0 S5.8 ¢+ 1.2
200.0 14.04 ‘

340.0 4.C
400.0 7.88

{00.0 79.81

150.0 63.C + 19.C
200.0 46,24

340.0 41.C
40gd.0 39.39

100.0 6.85

150.0 6ol + 1.7
200.0 11.65

340.0 4.8
400.0 10.96

100.0 0.0

150.0 C.5 + Dol
200.0 0.0

340.0 C.8C
400.0 D.34

100.0 15.07

150.0 33.C + 5.C
200.0 22.95

340.0 3.0
400.0 28.43

100.0 11.30

150.0 15.C + 2.C
200.0 25.35

340.0 1C.3
400.0 36.99

100.0 2.06

150.0 5.9 + 1.9
200.0 8456

340.0 2.4
400.0 8.22

100.0 0.0

150.0 4e5 ¢+ 1.C
200.0 6.85

3u0.0 3.7

REF




INC.
PART

A -Jh - IR B - B - B - B - B -l B - BB - B - - B - B - - T - - B - B - B - - B - B - B - B - - B - B - B - M- - B - B - B - B - B - - B - - - B - i - B - B - B - B - - e - - B - Ty -

FE(
FE(
FE(
FEV
FE(
FE(
FE(
FE(
FE(
FE{
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE(
FEL
FE(
FE(
FE(
FEL
FE(
FE(
FE(
FE(
FE(
FEL
FE(
FE(
FE(
FE(
FE(
FE(
FEL
FE(
FEL
FE(
FE(
FE(
FE(
FEL
FE(
FE(
FE(
FEL
FE(
FE(
FE(
FE(
FEL
FE(
FE(
FE(

TARGET
NUCLEUS

56,
56,
56,
56,
56,
56,
56,
56,
S6,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,4
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,
56,

26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
261
28)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
28}
26}
28)
26)
26}
26)
26)
26)
26)

RESIDUAL
NUCLEUS

TEL
SCH{
SC(
sCt
sCt
SC
SC
SC{
SC{
SCH{
SC(
SC(
SCH{
SCH{
SC(
SCHt
SC(
SC(
SC(
SC(
SC (
SC(
SCH
CA(
CA(
CAt
CA(
CAl(
CAl(
CAl
CA{(
CA(
CA(
K{
K
K(
Kt
K{
K
K{
K{
K(
K
cLd(
cL(
cL(
cLt
cL(
CLt
(AR}
cLt
cLy
et
cLt
cL{

45,
48,
48,
47,
Y7,
W7,
T,
47,
b6,
Wé,
Wb,
b6,
bé,
['Y 3%
by,
hu,
L,
[T
W3,
43,
43,

’
4T,
47,
w7,
47,
45,
45,
45,
'AS.
4s,
43,
43,
43,
43,
43,
“2'
42,
42,
82,
42,
39,
39,
39,
39,
39,
38,
38,
3,
34,
34,
3u,
3N,

19)
9
19)
19)
19)
19}
19)
19)
19)
19)
17
(Ng)
17
(Ng]
7
17
17
in
n
17)
(xg
17

30

ENERGY SIGMA (MB)

(MEV) CALCULATED EXPERIMENT
400.0 Selk

340.0 C.u45
400.0 0.0

100.0 0.0

150.0 C.7 + Co2
200.0 1.37

340.0 C.8u
400.0 2.40

100.0 0.34

150.0 3.0 + C.¢
200.0 4.80

340.0 3.20
400.0 5.82

100.0 0.0

150.0 S¢9 + Col
200.0 9.59

340.0 2.60
400.0 12.33

100.0 0.0

150.0 2.5 + 0.2
200.0 4,45

340.0 2.C
400.0 T.54

100.0 0.0

150.0 C.C07 + 0.CO02
200.0 0.0

340.0 0.CC7
400.0 0.0

t00.0 0.0

t150.0 0.36 + C.Cé6
200.0 0.0

340.0 C.56
400.0 .69

100.0 0.0

150.0 Oebl + C.CH4
200.0 0.0

340.0 ‘ Colt
#00.0 0.69

100.0 0.0

150.0 C.25 + C.CS
200.0 0.34

340.0 C.?
s00.0 1.03

100.0 0.0

150.0 0.024 + .CC8
200.0 0.0

340.0 C.C45
400.0 a.o

340.0 Cel?
400.0 D.34

100.0 0.0

150.0 0.1t + C.03
200.0 0.0

340.0 Cott
400.0 D.69

REF



INC.
PART

VOTOVTV VT OVVOVOVUV OOV OVOTDVOOUVOVOVVOVOODTOTVOVTVTOVTVTOVOVOVIVOVTVIUVOVUVOOUVOVIVOVODVDOVOV

FE(
FE(
FE(
FE(
FE(
FE(
FE(
FE{
FE(
FE(
FE(
FE(
FEL(
FE(
FE(
FEY
FEL
FEL(
FEL(
FE(
FE(
FE(
FEL(
FE{
FE(
FE(
FE{
FEI
FE(
FEI(
FE(
FE(
FE{
FE(
FE(
FE(
FE(
FE(
FE(
FE(
cut
cut
cul
cul
cul
cut
cul
Ccut
cut
cul
cul
cut
cut
cut
cut

TARGET
NUCLEUS

56,
56,
S6,y
56,
56,
56,
56y
56,
56,
56,
56,
56,
56,y
56,
56,
56,
56,
56,
56,
56,
56,
Sé,
56,
56,
56,
S6,
56
56,
56,
56,
56,
56,
56,
56,
56
56,
56,y
56,
56,
56,
65,
65,
65,
65,
65,
65,
65,
65,
65,
65,
65,
65,
65,
65,
65,

26)
26)
26)
26)
26)
261
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26}
26)
26)
26)
26)
26)
26}
26)
26)
26)
26)
26)
26)
26)
26)
26)
26)
26}
26)
29)
29)
29)
29)
29)
29)
29)
29
29)
29)
29)
29
29)
29
29

RESIDUAL
NUCLEUS

St
St
St
St
St
P{
[
Pl
P
P(
P
P
Pt
SIt
SI{
SIt
SIH
SI{

35,
35,
35,
35,
35,
33,
33,
33,
32,
32,
32,
32,
32,
31,
3,
3,
31,
31,
28,
28,
28,
24,
24,
24,
2h,
24,
22,
22,

16)
16)
16)
16)
16}
15
15)
15)
15)
15)
15)
15
15)
14)
i)
(%)
14)
14)
12)
12)

~N
-

R
- e -

ENERGY
(MEV)

100.0
150.0
200.0
340.0
400.0
100.0
$150.0
200.0
108.0
150.0
200.0
340.0
w00.0
100.0
150.0
200.0
340.0
400.0
100.0
150.0
2080.0
100.0
150.0
200.0
340.0
400.0
100.0
150.0
200.0
340.0
400.0
100.0

“150.0

200.0
100.0
i150.0
200.0
100.0
150.0
200.0

45.0

50.0
100.0
143.0
150.0

90.0
100.0
110.0
134.0
150.0
168.0
196.0
200.0
250.0
263.0

31

CALCULATED

.

oo oaq oo a oo Q Qo oo o Qo o oo oo [w)] jan]
. . ') . P . . .« e . o e . ) ¢ . .
00 00O 00 ©O OO O 0o oo O Qo O oo Ql: o o

o]
.
o

38.28
17.50

15.7
97.69

93.32

79.83

SIGMA (MB)
EXPERIMENT

C.18 + C.C9

C.23
C.CéS + C.C32

C.2 + C.l

C.Cuu

C.02¢ + 0.C13
C.l2

C.005 + 0.CCI

C.065 + C.CHI

C.C26

0.03 + C0.01
C.C2

C.Ct4 + C.CC3
0.04 + C.CI

0.23 + C.C3
41.C + 6.C

17.C + 3.C
14.C + 2.C

126.C + 32.C

93.6 +
Theb +

3
2
65.8 + 2
6ha3 + 2

55.C + 2.1

REF

t9

19
19

20

21
21

21
2t

21



32

INC. TARGET RESIDUAL ENERGY SIGMA (MB) REF
PART NUCLEUS NUC LEUS (MEV) CALCULATEC EXPERIMENT

P Cutl 65, 29 CU( 64, 29) 280.0 69.0 6
P cut 65y 29) Cul 64, 29) 300.0 64 .89

P Cut 65, 29) Cut 64, 29) 330.0 55.5 + 2.2 21
P CUl 65, 29) Cut 64, 29) 350.0 87.07

P Cut 65, 29) CuU( 64, 29) 370.0 S8.6 + 3.3 18
P Cut 65, 29) CUl 64,y 29} 400.0 66.T1 73.C + 7.3 6
P Cut 65, 29) Cut 64, 29) 400.0 67.C + 6.7 6
P CUl 65, 29) NI( 65, 28) 100.0 0.0 C.cCé 6
P Cut 65, 29} NI( 65, 28) 200.0 g.o g.cee 6
P cCut 65, 29) NI{ 65, 28) 250.0 0.0 Cc.C21 [
P cut 65, 29) NI( 65, 28) 300.0 0.0 c.C22 6
P cut 65, 29} NI{ 65, 28) 350.0 0.0 0.056 6
P cut 65, 291 NIl 65, 28} 400.0 0.0 c.c78 6
P CuUl 65, 29) NI( 57, 28) 100.0 2.55 1.3 6
P cut 65, 29) NI( 57, 28) 200.0 6.93 1.9 6
4 Cut 65, 29) NI( 57, 28) 200.0 1.8 6
4 cut 45, 29} NIL 57, 28) 250.0 5.83 lolt [
P Cu( 65, 29) NI( 57, 28) 250.0 15 6
P cut 65, 29) NI( 57, 28} 300.0 2.92 1.5 [
P cut 65, 29} NI{ 57, 28) 300.0 13 6
p cut 65, 29) NI 57, 28) 350.0 437 bolt 6
P Cul 65y 29) NI( 57, 28) 400.0 LoTh 1e4 6
P Cul 65, 29) NI{ 57, 28) 400.0 lel 6
P TE(130, 52) TE(I29, 52) 50.0 120.89

P TE(13C, S52) TE(129, 52) 60.0 59.C + 4.C 22
P TE(130, 52) TE(129, 52) 60.0 66.C + 2.0 22
P TEC130, 52) TE(129, 52) 60.0 125.C + 4.C 22
P TE(130, 52) TE(1294 52) 100.0 88.31

P TE( 130, 52) TE($29, 52) 120.0 55.C + 4.C 22
P TEL130, 52) TE(129, 52} 120.0 7C.C + 5.0 22
P TE(130, 52) TE(129, 52) 120.0 126.C + 6.0 22
P TE(13Cy 52) TE(129y 52) 150.0 80.46

P TE(13C, 52) TE(129, 52) 180.0 33.C + 3.C 22
P TE(130, 521 TE(I129, 52} 180.0 43.C + 2.0 22
P TEC130, 52) TE(129, 52) 180.0 T6.C + 4.0 22
P TE( 130, 52) SB(129, 51} 50.0 10.99

P TEC130, S52) sB(129, S51) 60.0 9.9 + 0.5 22
P TEL 130, 52) SB(129+ 51) 100.0 17.66

4 Tet( 130, 52) SB(129, 51) 120.0 Te2 + 0ol 22
P TEC 130, 52) S8(129, 51) 150.0 24,73

P TE(130, 52) $8(129, 51} 180.0 12.3 + 0.6 22
4 10127, 53) 16126, 53) 80.0 102.86

P 127, 53) 16126, 53) t00.0 126.C + 26.C 23
P 1ct2t, 53) 14125, 53) 80.0 70.40

P 1127, 53) 10125, 53) 100.0 ICC.C + 26.C 23
P 10127, 53) 124,y 53) 80.0 73.53

P 1127, 53 1124, 53) 100.0 S0.C + 7.C 23
P €127, 53) 14123, 53) 80.0 79.39

P It127, 53 11123, 53) 100.0 hy.C + i1.C 23
P 16127, 53) 1¢124, 53) 80.0 179.52

4 (127, 53) [t121, 53} 100.0 1C5.C + 6.0 23
P 127, s3) 10120, 53) 80.0 9.39

P 16127, 53) 101204 53) 100.0 8.9 + 3.6 23
P CE( 42, 58) CE(I4I, 58) 50.0 123.49

4 CE(I42, 58) CEtibi, 581 60.0 1Ha.C + J2.T 24




INC.
PART

-2~ - B - e - B - B - B - B - M- - - B - B~ B - i - - - e i - B - B - e - B - B« B - B - B+ - e~ - e~ B - B - B = e < - T - J - e -~ B - B - B - AR - B Y B - B 0 A

TARGET
NUCLEUS

CE(I142,
CE(IL2,
CE( 142,
CE( M2,
CE(142,
CE(tu2,
CE(142,
CE(142,
CE(142,
CE(142,
CE( 142,
Ce(142,
CE( 142,y
CE(142,
CE( 142,
CE( 142,
CE( 142y
CE(142,

Wiigé6,

W86,

W(186y

w186,

w186,

W86,

w186y

W{186,

W(186,

w186,

W(186s
PBL206,
PB(206,
pB( 206,
PB( 206y
PB8{206,
PB(206,
PB(206,
PB(206y
P8(206,
PBL206,
PBL 206,
PB(206
PB8(206,
PB( 206,
PB(206,
PBL20C6
PB8(206,
PB(206,
PB( 206,
PB(206»
PB(206,
PB(206,
B1(209,
BI(2C9y
BI{2C9,
B8I(2C9,

58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
T4)
™)
™)
4)
h)
)
74)
™)
T4)
T4)
74)
82)
82)
82)
82}
82)
82)
82)
82)
82)
82)
82)
82)
82)
82)
82}
82)
82)
82)
82)
82)
82)
82)
83)
83)
83)
83)

RESIDUAL
NUC LEUS

CE(iut,
CECILg,
CE(iIu1,
CE(I41,
CE(iul,
CE(I41,
CE(ILI,
CE(ILL,
LACINT,
LACILY,
LACILI,
LALINL,
LA(ILY,
LALILY,
LACILE,
LACINT,
LA(IWY,
LACINT,
TA{185,
TA (185,
TA (185,
TA(185,
TA(185,
TA(18S,
HF (184,
HF (184,
HF (184,
HF (184,
HF (184,
BI (205,
BI (205,
BI (203,
811203,
81 (202,
BI (202,
BI (201,
8l (201,
BI (200,
BI (200G,

GA(
GA(
GAt{
GA(
GA{
GA(

P

P{
MG (
MG (
NA{
NA{

73,
73,
T2,
72,
67|
67y
32,
32,
28,
28,
24,
24,

P0O(209,
P0O(209,
P0O(208,
pPo(208,

58}
58)
58)
58)
58)
58)
58)
58)
57)
57)
57)
57)
57)
57)
57)
57)
57)
57)
73)
73)
73)
73)
73)
73)
72)
72)
72)
72)
72)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
31
31
31)
)
31
31)
15)
15)
12}
12)
1
1)
84)
84)
84)
84)

33

ENERGY
{MEV)

t00.0
120.0
200.0
233.0
250.0
350.0
370.0
400.0

50.0

60.0
100.0
120.0
200.0
233.0
250.0
350.0
370.0
400.0
130.0
150.0
200.0
210.0
300.0
400.0
130.0
150.0
200.0
210.0
400.0

50.0

52.5

50.0

52.5

50.0

52.5

50.0

52.5

50.0

63.8
390.0
w00.0
390.0
400.0
390.0
400.0
390.0
400.0
390.0
400.0
390.0
400.0
135.0
155.0
135.0
155.0

CALCULATED

100.70
90.98

91.33
68.15

8i.10
Qelal

18.91
27.60

32.03
k1.57

36.80

21 .48
27.87

19.71
39.u48

80.58
1.55

3.48
73.27

174.09

582.45

¥10.54%
0.0

0.0
J.0
0.0
0.0
0.0
0.0
18.50
28.37

SIGMA (MB)

EXPERIMENT

2C.C + 2.3
S4h.u + 4.6
2.98 + 0.u48

5.55

5.48
6.93 + 1.7y
C.243 + 0.0G33

C.l44 + D.CCIH
C.216 + 0.C65
150.C + 22.5
47C.C + 7C.5
59C.C + 88.5
26C.C + 39.C

180.C + 27.C
1.2 + C.36

C.56 + C.l68

C.C13 + C.CC329

C.Cl + C.CC3

C.CCt + C.CCC3

0.C3 + C.CCS
2C.C + S5.C
37.C + 7.C

REF

24
24
24

25
23
24
24

24
24

25
23
26

26
26
26
26

26
26
23
23
23
23

23
23

23
23
23
23
23
27
27



INC.
PART

- T M- B - B - B M- B - B - B - - B - i~ B~ B - M- B - B - B - - M- B - - - - B - B - M- - - B - B - B < e - B - B - B - B - B - M - B - T - i - M - B - B - - B - e - i - B~ M - B - )

TARGETY
NUCLEUS

BI(2C9,
8l({2C9,
8I(2C9,
81(2C9,
BI1(2C9,
BI(2C9,
81209,
BI1(2C9,
BI(2C9,
BI(2C9,
B1(2C9,
BI(2C9,
BI1(2C9,
8I1(2c9,
g1(209,
BI(2C9,
BI(2C9,
BI(2C9,
81209,
B1{2C9,
BI{2C9,
sI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
slc20C9,
B1¢209,
BI{2C9,
BI(2C9,
BI(2CY,
81(209,
gBI(2C9,
BI(2C9,
81(2C9,
Bit209,
BI(2C9,
BI(2C9,
gI(2C9,
81(209,
BI(2C9,
g1(2C9,
BI(2C9,
gI1(209,
BIL2CY,
BI1{2C9,
BI(2C9,
BI(209,
BI(2C9,
BI1(2C9,
BI(2C9,
81209,
81(2C9,
BI1(2C9,
BIc2ce,
8I1(209,

83)
83)
83}
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83}
83)
83)
83)
83}
83)
83)
83)
83)
831}
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)

RESIDUAL
NUC LEUS

PO(20T7,
pP0O(207,
PO {206,
P0O(206,
PO(206,
P0(206,
P0(206,
PO(205,
P0O(205,
PO (205,
PO(205,
P0O(205,
P01205,
po (205,
P0O{(205,
P0(205,
PO(20k4,
PO(204L,
P0O(20h,
PO (204,
PO(204,
PO(204,
PO(204,

PO (204,

PO{20k,
PO(20L,
PO(204,
pP0O(203,
£0(203,
p0O(203,
P0(203,
PO(203,
P0O(203,
P0O(203,
P0O(203,
p0O(203,
PO(203,
PO(203,
PO(203,
pO(203,
P0(202,
po{202,
PO(202,
PO(2D02,
PO(202,
PO(201,
P0(201,
PO(201,
PO{201 »
pPO(200,
£0(200,
PO(200,
P0(200,
81207,
BI (207,

84)
84)
8u4)
84)
8u)
84)
84)
84&)
8u)
84)
84)
84)
8u)
84)
84)
84)
84)
Bu)
84)
84)
8y)
8y)
84)
84)
Bu)
84)
84)
84)
84)
8k)
84)
84)
84)
84)
84)
84)
Bu)
8h)
84)
8u4)
8u)
84)
84)
84)
84)
8u)
8y)
84)
84}
84)
84)
84)
84)
83)
83)

34

ENERGY
(MEV)

50.0
50.4
135.0
155.0
380.0
400.0
412.0
50.0
S04
59.7
65.0
135.0
155.0
380.0
400.0
412.0
50.0
S04
65.0
6603
4.9
77.0
135.0
155.0
380.0
400.0
412.0
59.7
65.0
66.3
The9
77.0
79.9
83.7
90.0
135.0
155.0
380.0
400.0
412.0
135.0
155.0
380.0
400.0
412.0
135.0
155.0
380.0
400.0
135.0
155.0
380.0
400.0
380.0
400.0

CALCULATEC

104.24

26452
9.65
770.38

131.38
33.92
11.58
210.33
383.03

148,65
25.91

8.36

377.48

270.16

84,50
33.92
13.51%

30.22

9.65

28.37
TeT2
38.86
5.79

45.02

SIGMA (MB)

EXPERIMENT

8C.0 + 12.0
59.C + 6.0

Te7 + 5.6
2.C

80C.C + 12C.C
450.C + 67.5C

72.5 + 7.5
12.9 + 9.4
‘ Coly
21C0.0 + 31.5C

47C.0 + T0.5SC
45C.0 + 67.5C

71.5 + 3.5
8.9 + 6.5

1.6
9C.0 + 13.5

290.0 + 58.5C
49C.0 + 73.5C

39C.C + 58.5
36C.C + 54.C

69.5 + 5.5
12.5 + 9.1

C.39
71.C + 5.C

5.2 + 3.8

€.78
8C.C + 8.C

13.3 + 9.7
SC.C + 4.0
10.C + 7.3

15.7 + 3.6

REF

23
27

23
23

23
23

27
23
23
23

23
23

27
23

23
23

23
23

23
23

27
23

23
27

23

23
27

23
27
23
23



INC.
PART

-2~ B B - T - - B - - - M - B - B - B - - e -« B - B - B - - B - - - - e - e - e - i - B - B - i - i~ - T < B - T - e - e - B - e - e - - B - B e - B - B - B - B - B - B - B - B -

TARGET
NUCLEUS

BI(2C9,
BI(2C9,
81(2C9,
BI(2C9,
slI(2c9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI1(2C9,
BI(2C9,
8lt2c9,
BI(2C9,
BI(2C9,
BI1(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2(9,
81(2C9,
BI(2C9,
Bit2coy,
BI(2C9,
BI(2C9,
BI(2CY9,
BI(2C9,
BI(2C9,
B1120C9,
BI(2C9,
BI(2C9,
B81(2C9,
BI(2C9,
BI(2C9,
BlI(2rc9,
BI{2C9,
8I1(2C9,
BI1(209,
8I1(209,
BI(2C9,
BIt(2C9,
B81(2C9,
BI(2C9,
BI(2C9,
BI1(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI1(2C9,
BI(2C9,
BI1(2C9,
810209,

83)
83)
83)
83)
83}
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
a3}
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)

RESIDUAL
NUCLEUS

BI (207,
BI (206,
BI{206,
BI(206,
8It20s,
BI (205,
BI (205,
BI (204,
BI (204,
BI (204,
BI (203,
BI (203,
BI (203,
BI(202,
BI (202,
BI (202,
BI (201,
BI (201,
81 (200,
BI (200,
BI(199,
BI(I99,
81(198,
BI (198,
P8 (209,
P8 (209,
PB {206,
PB (206,
p8 (203,
PB (203,
P8 (203,
PB (201,
PB (201,
PB (20D,
PB (200,
pPB (200,
PB (199,
PBLIOY,
PB (198,
PBLI98,
PBLIOT,
PBLI9T,
TL(204,
TL(204,
TL(202,
TL(202,
TL(202,
TL(204,
TL(20%,
TL(201,
TL(200,
TL(200,
TL(200,
TL(199,
TL(199,

83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
82)
82)
82)
82)
82)
82)
82)
82)
82)
82)
82)
82)
82)
82)
82)
82}
82)
82)
81)
81)
81)
81)
81)
81)
8h)
81)
81)
8l
81)
81)
81

35

ENERGY SIGMA (MB)

(MEV) CALCULATEED EXPERIMENT
412.0 2C.0
380.0 49.3 + 5.9
400.0 35.38

4i2.0 16.0
380.0 SC.C + 7.C
400.0 34.09

412.0 3.C
380.0 37.1 + 3.2
400.0 34.73

412.0 15.0
380.0 47.6 + 7.6
400.0 30.23

412.0 8.2
380.0 55.8 + 9.4
400.0 30.87

“12.0 18.0
380.0 U9.6 + Uk
400.0 28.94

380.0 6. L
400.0 29.59

380.0 68.6
400.0 27.66

380.0 6C. |
400.0 25.73

400.0 0.0

812.0 9.8
50.0 10.49

56.0 27.C + 1.0
380.0 14.C + 2.7
400.0 12.22
#12.0 6.6
380.0 28.5 + 6.6
400.0 14,15

380.0 7.5 + 5.C
400.0 22,51
412.0 5.6
380.0 13.7
400.0 22.51

380.0 26.9
800.0 18.65

380.0 12.5
w00.0 31.52

400.0 D.64
412.0 1.6
380.0 4.42 + 5.9
400.0 5.79

412.0 C.33
380.0 15.4 + 3.4
400.0 4.50

“12.0 2.C
380.0 13.5 + 0.8
“00.0 2.57

412.0 1.C
380.0 2.52 + 1.37
400.0 2.57

REF

23
23

23
23

23
23

23
23

23
23

23
23

23
23
23

23

28
23

23
23

23

23
23

23
23
23
23

23
23

23
23

23
23



INC.
PART

TV VPV VTV VPV VU TV VO OOV VOV VIV VOOV VVIVOV VIV IVOUIUYUDIVIUVVOVIVOUVODOIVOVOLIVIYD

TARGE T
NUCLEUS

BI(2C9,
B1(2C9,
BI(2cy,
BI(2C9,
BI(2(9,
BIl2C9,
BI(2C9,
B1(2C9,
s81(2c09,
8I(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
greace,
BI(2C9,
BI(2C9,
81(2C9,
s8I1t2C9,
BI(2C9,
B1(209,
8I1(2C9,
BI(2C9,
BI(2C9,
B1(2C9,
81(2C9,
81(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
81(2C9,
BI{2C9,
BI(2C9,
B1(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
B1(2C9,
BI(2C9,
BIt2co9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI(2C9,
BI{2C9,
BI1(209,
BI(2C9,
sI1cace,
BI(2C9,

83)
83)
83)
83)
83)
83)
83
83)
83)
83)
83)
83}
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
a3)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83}
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)
83)

RESIDUAL
NUC LEUS

TL(I98y
TL(198,
TL196,
TLIE9G,
TLIE9S,
TL195,
HG (197,
HG (19T,
HG (195,
HG (195,
HG ()94,
HG (194,
HG (193,
HG (193,
HG (192,
HG(192,
HG {191,
HG (191,
HG (190,
HG (190,
HG (189
HG (189,
AULI96,
AUL196,
AULI9N
AULL 9L,
AU(193,
AU(193,
AULI92,y
AU(192,
AU(191,
AUWLI91,
AU(189,y
AU189,
PT(I89,
PT(189,
PT(188,
PTU188,
PY(186,
PT(186,
CS(131,
CS(131,
csui3,
csti3,
CS(131,
cst13i,
cs(129,
csqi29,

1(132,

1(132,

1a32,

101132,

1(132

1(t32,

11132,

81)
81)
81)
81)
81)
81)
80)
80)
80)
80)
80)
80)
80
80)
80)
80)
80)
8Q)
80)
80)
80)
80)
79
7
79
1442}
79)
(A4}
79
79
791}
142
144
79)
78)
78)
78)
78)
78)
78)
55)

55)

55)
55)
55)
55)
55)
55)
53)
53)
53)
53)
53)
53)
53)

36

ENERGY
(MEV)

380.0
400.0
380.0
400.0
380.0
400.0
380.0
400.0
380.0
+00.0
380.0
400.0
380.0
400.0
380.0
400.0
380.0
400.0
380.0
w00.0
380.0
%00.0
380.0
#00.0
380.0
400.0
380.0
400.0
380.0
400.0
380.0
400.0
380.0
w00.0
380.0
#00.0
380.0
400.0
380.0
400.0

75.0

77.0
155.0
184.0
303.0
400.0

75.0

77.0

75.0

77.0

90.0
120.0
155.0
184.0
373.0

4.50
10.93
6.43
1.29
1.29
0.0
3.22
S5.15
S5.15
T.72
9.00

SIGMA (MB)
CALCULATED

EXPERIMENT

25.8 ¢+ 3,2
62.5 + 18.4
62.3 + 15.2
4,65 + 2,83
3.89 + 1.87

(C.5)
7.C
22.0
21.9
39.8
1.C5

g.u6 + 0.07
1,30 + 017

0.6 + C.6

4.2 ¢+ 1.3

28.1

C.0023 + 0.CCC69
C.CC27 + 0.CC08l1
0.C12 + 0.C036
0.0028 + C.0COC8Y
c.CCCé6 + C.COCIB

0.CcCce2 + C.CCC2u46

C.CC26 + 0.CCCT8
C.012 + 0.CC36

REF

23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

23

23
23
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INC. TARGEY RESIDUAL ENERGY SIGMA tMB) REF
PART NUCLEUS NUC LEUS (MEV) CALCULATECD EXPERIMENT

P B1(2C9, 83) 1(132, 53) 400.0 0.0

P BI(2C9, 83) 10130, 53) 75.0 0.COC83 + 0.CCC249 23
P 81(2C9, 83) I1(130, 53) 77.0 0.0

P BI(2C9, 83) 1130, 53) 90.0 0.0

P BI1(2C9, 83) I(130, 53) 120.0 C.0C17 + C.CCC50 23
P B1(2C9, 83) 1030, 53 155.0 0.0

P B1(209, 83) 14130, 53) 184.0 C.CC40 + 0.CCH2 23
P BI(2C9, 83) 1(130, 53) 373.0 C.Ci4 + C.CC42 23
P 81209, 83) 1¢(130, 53) 400.0 0.0

P BI(2C9, 83) 1(128, 53) 75.0 C.0012 + C.COO36 23
P BI(2C9, 83) 11128, 53) 77.0 0.0

P BI(2C9, 83) 10128, 53) 90.0 g.0

[ B1(2C9, 83) 1(128, 53) 120.0 C.CC25 + C.CEGTS 23
P B1(2C9, B3) 1(128, 53) 155.0 6.0

P BI(2C9, 83) 1(128, 53) 184,0 €.0069 + 0.CC207 23
P BI(2C9, 83) 1(128, 53) 373.0 C.02% + 0.CC72 23
P B1(2C9, 83) 1128, 53) w00.0 0.0

P BI(2C9, 83) 11126, 53) 75.0 G.00t2 + 0.CCC36 23
[ BI(209, 83) 1(126, 53) 77.0 0.0

[ 8I1(2C9, 83) 1(126, 53) 90.0 8.0

P BI(2C9, 83) 1{(126, 53) 120.0 C.CC27 + C.CCC8I 23
4 BI(2C9, 83) 1(126, 53) 155.0 0.0

P 8I(2C9, 83) 1(126, 53) 184.0 C.C13 + Q.CC36 23
P BI(2C9, 83) 10126, 53) 373.0 C.C5C + 0.Ci5 23
P 81209, 83) 1(1264 53) 400.0 0.0

P BI(209, 83) L(t24, 53) 75.0 £.CCO02 + 0.CCCC9 23
P BI(2C9, 83) 1(124, 53) 77.0 0.0

P BI(2C9, 83) 1(124, 53) 90.0 0.0

P BI{2C9, 83) I1(124, 53) 120.0 C.0C1S + Q.CCCuS 23
P BI(2C9, 83) 1{124, 53) 155.0 0.0

P 81(2C9, 83) 1124, 53) 184.0 C.DC65 + D.GCH95 23
P BI(2C9, 83) 1(124, 53) 373.0 C.C31 + C.C093 23
P BI{2C9, 83) 1(124, 53) 400.0 0.0

P BI1{2C9, 83) SN(115, 50) 75.0 Cel2 + 0.C36 23
P B1(209, 83) SN(I15, 50) 77.0 0.0

P BI(2[9, 83) SN{ItS, 5O) 155.0 0.0

P B1(2C9, 83) SN{1I5, 50) 192.0 2.5 + 0.75 23
P BI(2C9, 83) IN(II L, 49) 75.0 0.CCa4 + C.CC132 23
P BI(2C9, 83) IN(I B, 49) 77.0 0.0

P BI({2C9, 83) IN(IIG, 49) 90.0 0.0

P 81(2C9, 83) INCIT G, 49) 120.0 0.13 + C.C39 23
P 81(2C9, 83) IN(IIU, 49) 155.0 0.0

P BI(2C9, 83) INCIIE, 49) 184.0 0.32 + 0.C9 23
P BI(2C(9, 83) INCIEY, 49) 373.0 4.9 + tou7 23
P BI(2C9, 83) INUIG, 49) 400.0 0.0

P 81(2C9, 83) INUILY, 49) 75.0 0.12 + C.C36 23
P BI(2C9, 83) INUITL, 49) 7.0 0.0

P 8I(2(9, 83) INC(HIL, 49) 155.0 0.0

P BI(2C9, 83) INUIIE, B9) 192.0 1.2 + 0.36 23
P 81(2C9, 83) AG(113, u7) 75.0 GC.28 + 0O.C84 23
? 81(2C9, 83) AG{ii3y 4T} 7.0 G.0

P BI(2(9, 83) AG(II3, u4T) 90.0 g.0

p B1{2C9, 83) AG(1134 147) 120.0 1.5 + Col5 23
P BI(209, 83) AGUIE3, 4T) 155.0 0.0

P 81{209, 83) AGUI!3, 4T) 184.0 1.7 + 051 23
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INC. TARGET RESIDUAL ENERGY SIGMA (MB) REF
PART NUCLEUS NUCLEUS (MEV) CALCULATED EXPERIMENT

P BI1(2C9, 83) AG(II13, u47) 373.0 1.1 + 0.33 23
P BI(2C9, 83) AG(113, uT) 400.0 0.0

P BI(2C9, 83) AG(112, 4T) 75.0 C.12 + 0.C36 23
P BI(2C9, 83) AG(182, 4T) 77.0 0.0

4 BI(2C9, 83) AG(112, 47) 90.0 0.0

P B81(2C9, 83) AG(112, 47) 120.0 0.69 + 0.207 23
P B1(2C9, 83) AG(I12, &T) 155.0 0.0

P BI(209, 83) AG U112, 4T) 184.0 C.89 + 0.267 23
P BI(2C9, 83) AG (112, 4T) 373.0 t.9 + 0.57 23
P BI(2C9, 83) AG(II2, 4T) 400.0 a.0

P B1(2C9, 83) AGUILY, BT) 75.0 C.35 + C.105S 23
P BI1(209, 83) AG(IIT, 4T) 77.0 0.0

P BI(2C9, 83) AGCILT, 47) 90.0 0.0

P 81(2C9, 83) AGULIIN, 4T) 120.0 1.7 + 051 23
P B1(2C9, 83) AGUINL, 47) 155.0 0.0

P B1(2C9, 83) AG(IIE, 4T) t84.0 2.4 + 0.72 23
P 8I1(2C9, 83) AGULIEL, uT) 373.0 3.1 + 0,93 23
P BI(2C9, 83) AGUILL, 4T) ¥00.0 0.0

P BI(2C9, 83} PD(112,y U6} t55.0 0.0

P src2ce, 83) PO(IN2, 46) 192.0 C.12 + 0.03¢6 23
P BI(2C9, 83) PO (109, 46} 155.0 g.0

P BI1(2C9, 83) PD(I09, W6) 192.0 O.48 + Oelly 23
P 81(2C9, 83) PO LIO3, 46) 155.0 0.0

P 810209, 83) PD (103, 46) 192.0 C.C09 + 0.CC27 23
P BI(2C9, 83) PD (100, 46) 155.0 0.0

P B81(2C9, 83) PO (100, w6) 192.0 0.C1¢6 + CeCOUB 23
P sr(a2c9, 83) NB( 96, b1) 75.0 c.C26 + 0,CO78 23
4 8I(2C9, 83) NB( 96, 1) 77.0 0.0

P 81(2C9, 83) NB( 96, &I) 90.0 0.0

4 B8I(2C9, 83) NB( 96, u4I) 120.0 0.70 + GQ.21 23
4 s1(209, 83) NBL( 96, 41) 155.0 0.0

P BI(2C9, 83) NB( 96, ut) 184.0 2.3 + 0.69 23
P 81(2C9, 83) NB( 96, 41} 373.0 haol + 1,23 23
P 81(2C9, 83) NBL 96,4 41) 400.0 0.0

P 81(2C9, 83) NB( 95, 41} 75.0 c.017 + C.COSI 23
P BI(2C9, 83) NB{( 95, 41) 75.0 C.Cl2 + 0.CC36 23
P BIt2C9, 83) NBL 95, ul) 77.0 0.0

P BI(2C9, 83) NB( 95, 41} 90.0 0.0

P 81(2C9, 83) NB{ 95, W1) 120.0 Calld + 0,082 23
P BI(2C9, 83) NB( 95, k1) 120.0 £0.079 + 0.0237 23
4 81(2C9, 83) NB{ 95, 41) 155.0 0.0

P BI(2C9, 83) NB( 95, 1) 18k.0 C.9 ¢ 0.27 23
P 81(2C9, 83) NB( 95, 41) 184.0 ) C.u5 + 0,135 23
P 81(209, 83) NB( 95, M1) 373.0 2.7 + 0.81 23
P BI(2(9, 83) NB( 95, 1) 373.0 C.81 + 0.243 23
P 81(2C9, 83) NB( 95, 41) 400.0 0.0

4 8I(2C9, 83) RB( 86, 37} 155.0 0.0

P sI(2c9, 83) RB( 86, 37) 184.0 C.C53 + 0.0C159 23
P BI(2C9, 83) BR( 84, 35) 75.0 C.023 + 0.CC69 23
P BI(2C9, 83) BR( 8%, 35) 77.0 D.0

P 81(2C9, 83) BR{ 84, 35) 90.0 0.0

P 81(2C9, 83) BR( B4, 35) 120.0 C.19 + 0.C57 23
P 81(2c9, 83) BR( 83, 35) 75.0 C.C34 + 0.CI1C2 - 23
P BI(2C9, 83) BR( 83, 35) 77.0 0.0

P BI(2c9, 83) BR( 83, 35) 90.0 0.0
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INC. TARGET RESIDUAL ENERGY SIGMA (MB) REF
PART NUCLEUS NUCLEUS (MEV) CALCULATED EXPERIMENT

P BI(2C9, 83) BR( 83, 35) 120.0 O.45 + 0.135 23
|4 BI(2C9, 83) BR{ 83, 35) 155.0 0.0

4 BI(2C9, 83) BR( 83, 35) 184.0 0.98 + 0.294 23
P B1(2c9, 83) BR( 83, 35) 373.0 1.6 + C.h8 23
P BI(2C9, 83) BR({ 83, 35) 400.0 0.0

4 BI(2C9, B83) BR{ 82, 35) 75.0 C.0C22 + 0.CCC99 23
P 8I1(2C9, 83) BR{ 82, 35) 77.0 0.0

P B1(2c9, 83) BR{ 82, 35) 90.0 g.0

P BI1(2C9, 83) BR( 82, 35) 120.0 C.12 ¢+ Q0.C39 23
P BI(2C9, 83) BR{ 82, 35) 155.0 0.0

P BI(2C9, 83) BR( 82, 35) 184.0 0.T6 + 0.228 23
P BI¢209, 83) BR( 82, 35) 373.0 1.5 + 0.45 23
4 B1(2C9, 83) BR( 82, 35) 400.0 0.0

P sitac9, 83) BR{ 80, 35) 155.0 0.0

P BI1(2C9, 83) BR{ 80, 35) 184.0 0.63 + 0.189 23
P BI(2C9, 83) BR( 80, 35) 373.0 1.8 + 0.54 23
P 81(2C9, 83) BR( 80, 35) 400.0 0.0

P BI(2C9?, 83) ASL 77, 33) 75.0 C.CT4 + 0.C222 23
P Bit2c9, 83) AS( 77, 33) 7.0 0.0

4 BI(2C9, 83) ASU 77, 33) 90.0 0.0

4 8I(2C9, 83) ASL 77, 33) 120.0 O.u7 + Dyl 23
P BI(209, 83) ASC 77, 33) 155.0 0.0

P 81(2C9, 83) AS({ 77, 33) 184.0 1.6 + D.U8 23
P BI(2C9, 83) AS( 77, 33) 373.0 2.2 + 0.66 23
4 BI(2C9, 83) ASL 77, 33) 400.0 0.0

4 81(2C9, 83) AS( 76, 33) 90.0 g.0

P 8I(2C9, 83) AS( 76, 33) 120.0 0.24 + D.C72 23
P BI(2C9, 83) AS(U 764 33) 155.0 0.0

P BI(2C9, B3} AS( 764 33) 184.0 0.71 + 0,213 23
P BIt2c9, 83) AS(U 76, 33) 373.0 2.3 + 0.69 23
p 8I(2C9, 83) AS( 76, 33) 400.0 0.0

P BI(2C9, 83) AS( Tu, 33) 75.0 C.C08 + 0.CC24 23
P BI(2C9, 83) ASL Ty, 33) 77.0 D.0

4 8I1(2C9, 83) AS( Tu, 33) 90.0 0.0

P BI(2C9, 83) AS( T4, 33) 120.0 C.C4il + O.CI123 23
P B81(2C9, 83) AS( Tu, 33) 155.0 0.0

4 BI(2C9, 83) AS( Tu, 33) 184.0 0.19 + 0.C57 23
P BI(2C9, 83) ASl T4, 33) 373.0 0.69 + D.2C7 23
P BI(2(9, 83) AS( 74, 33) 400.0 0.0

P B81(2C9, 83} Cul 67, 29} 90.0 0.0

P BI(2C9, 83) Cut 67, 29) 120.0 C.038 + C.Cl14 23
P BI(2(9, 83) cut 67, 29) 155.0 0.0

P BI{2C(9, 83) CUt 67, 29 184.0 0.12 + 0.036 23
P B1{2C9, 83) Cut 67, 29) 373.0 O.41 + 0.123 23
p 81(209, 83) Cul 67, 29) 400.0 0.0

P BI(2C9, 83) Cut 64, 29) 90.0 0.0

P BI(2C9, 83) CUtl 64, 29 120.0 0.0059 + £.CA177 23
P BI(209, 83) Cut 64, 29} 155.0 0.0

P BI(2C9, 83) Cut 64, 29) 184.0 0.036 + g.CicCcE 23
p BI(2C9, 83) cut 64, 29} 373.0 O.11 + 0.032 23
P BI(2C9, 83) Cul 64, 29) 400.0 0.0

p 811209, 83) cut 61, 29) 90.0 0.0

P BI(2C9, 83) cut 61, 29) 120.0 0.003C + 0.CCC9C 23
P B1(2C9, 83) Cut 61, 29) 155.0 8.0

P ut238, 92} NP (238, 93) 340.0 O.u6 + 0.C5 23



INC.
PART

BB - BB -l - B - - B - B - T - B - B - - B - B - e - - - T M - e - = B~ B - - T - e - M - B - B - - - e - e - e - - B =T~ - B - B - B - B - B -~ - e - i - - B - B~ B - i -}

TARGET
NUCLEUS

U238,
ut 238,
u(23s,
u( 238,
u(23s,
ut23s,
u(238,
U238,
u(23s,
u(23s8,
u{238,
u(238,
u(23s,
y(23s,
ut238,
u(238,
ur23s,
ut 238,
u(23s8,
u(238,
u( 238,
u(238,
u(238,
u(238,
u(238,
u(23s,
ut23s,
u(238,
u(23s,
ut238,
u(238,
ut 238,
u( 238,
ut23s8,
U238,
u( 238,
u(23s,
u(238,
u{238,
u(238,
u(238s,
u(238,
ut238,
u(238,
u(23s8,
ul238,
u(238,
U238,
u(23s,
ut238,
ut23s,
ut23s,
u(238,
u(238,
u(238,

92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
92)
92)
92)
92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)

RESIDUAL
NUC LEUS

NP (238,
NP (236,
NP (236,
NP (236,
NP (236,
NP (236,
NP (236,
NP (236,
NP (236,
NP (236,
ut237,
u(237,
ul237,
U237,
U237,
U237,
U232,
ui232,
vt230,
ut230,
ut230,
ut230,
u23a,
u(230,
U230,
U229,
ut229,
u(229,
u(229,
U229,
U229,
ut229,
u(228,
u(228,
U228,
ut228,
U228,
U228,
u(228,
PA(235,
PA (235,
PA (235,
PA 1235,
PA (235,
PA (235,
PA(232,
PA(232,
PA (230,
PA (230,
PA (230,
PA (230,
PA (230,
PAL230,
PA (230,
PA (230,

93)
923)
93)
93)
93)
923)
93)
93)
93)
93)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
91)
1)
91
91}
91)
9)
M)
1)
1)
N
M)
9t)
AR
91)
)
)

40

ENERGY
(MEV)

350.0
50.0
55.0
80.0

100.0

120.0

t50.0

340.0

340.0

350.0

t00.0

150.0

200.0

300.0

3430.0

350.0

340.0

350.0

100.0

150.0

200.0

250.0

300.0

340.0

350.0

100.0

150.0

200.0

250.0

300.0

340.0

350.0

100.0

150.0

200.0

250.0

300.0

340.0

350.0

i00.0

150.0

175.0

250.0

340.0

350.0

340.0

350.0

100.0

150.0

190.0

200.0

250.0

270.0

340.0

350.0

CALCULATED

3.94
84,04

40.97
27.58

T4k
95.60
82.07
80.76
68.28

63.03

23.64
75.11
48.59
38.08
35.02
39.39

22.32
78.79
Sl.21
45.96
45.52
30,20

35.45
70.38
54,50
48.59
3414
42.02

30.20
7.88
8.54

.0l
2.63
9.19

10.51

11.16

13.13

10.51

10.51

SIGMA (MB)

EXPERIMENT

+* +
.

G.C56
c.C6C + 0.CO5

0.C12
C.Cu6
0.C30
0.C37
0.C32
C.038 + G.002

5«7 + 0.5
7.3 + 0.5
15.1 + 0.2
21.C + 2.C

8.7 ¢+ 1.C

REF

29
29

29
29
23
23

23
23

23
23

23

23
23
23
23

23
23

23
23
23
23

23
23
23
23
23
23

23
23
23
23
23

23
23

23
23

23
23



INC.
PART

BB - B - - B - B - B - B - B - - B - B~ B - e - - B~ B - B - B - - - B e - B - M~ - - -+ - - - B - Tl - B - e~ T - - T~ e~ B -~ M- = B - B - B~ - B = e = B ~ i -

TARGET
NUCLEUS

u(23s8,
u{23s8,
U238,
u(23s,
ut238,
ut238,
ut 238,
ut23s,
U238,
u{238,
u23s8,
ut23s,
ut238,
ut23s,
U238,
u(23s,
ut238,
u(238,
u{23s8,
ut 238,
u(238,
v(238,
u(238,
u(23s,
ut23s8,
ut 238,
u(238,
u{ 238,
U238,
ut23s,
u(238,
u( 238,
u(238,
u(23s,
u(238,
u{23s,
ut23s,
ut 238,
u(238,
ut 238,
ut 238,
ur23s,
u(23s8,
u{23s8,
u(238,
U238,
U238,
u(23s,
ut 238,
u(238,
ut 238,
u(23s,
ut238,
ut 238,
u(21s,

92)
92)
92)
92}
92)
92)
92)
92)
92)
92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
92)
92)
92}
92)
92)
92)
92)
92}
92)
92)
92)
92}

RESIDUAL
NUC LEUS

PA (228,
PA (228,
PA(227,
PAL227,
PA(227,
PA(227,
PA{(227,
PA(227,
PA (227,
TH(234,
TH(234,
TH(234,
TH{234,
TH(234,
TH{234,
TH(234,
TH(231,
TH(231t,
TH{231,
TH(231,
TH(231,
TH(231,
TH(231,
TH(231,
TH(228,
TH{228,
TH(228,
TH(228,
TH(228,
TH(228,
TH(227,
TH(227,
TH(227,
TH(22T7,
TH(227,
TH(227,
TH(227,
TH(227,
TH{226,
TH(226,
AC (228,
AC (228,
AC (226,
AC (226,
AC (226,
AC (226,
AC (226,
AC (226,
AC (226,
AC(226,
AC (225,
AC (225,
AC (225,
AC (225,
AC (225,

1)
CAR
1)
ou)
1)
91)
1)
o)
1}
90)
90)
90}
o
90)
90)
90)
9B)
90)
90)
90)
90)
90)
90)
0)
0)
om
90)
0}
90)
D)
O
90}
90)
90)
0)
90)
20y
90)
)
90)
89)
89)
89)
89}
89
891
89)
89)
89)
89}
89}
89
89)
89)
89}

41

ENERGY SIGMA (MB)

(MEV) CALCULATED EXPERIMENT
340.0 1.7 + C.2
350.0 15.76

100.0 0.0 C.CE6
150.0 15.10 C.2C
200.0 19.04 C.62
250.0 18.38 C.71
300.0 i5.76 c.71
340.0 C.71 + 0.C6
350.0 23.64

100.0 0.0 Ce95 + Col
150.0 0.66 1.8
190.0 tet
200.0 D.66

300.0 131 2.5
340.0 1.8 ¢+ 7.C
350.0 131

100.0 1.05 C.5C + 0.C5
150.0 131 1.C
190.0 Tel
200.0 0.66

250.0 2.63

270.0 1.7
340.0 2.4 + 0.1
350.0 0.0

100.0 0.0 C.€5
150.0 1.97 C.§
190.0 C.55
200.0 1.38

340.0 2.9 + 0.9
350.0 5.25

t00.0 0.0 C.32 + C.CI
150.0 131 Ce9
190.0 1.2
200.0 2.63

250.0 2.63

270.0 2.3 + 0.2
340.0 3.2 + Cub
350.0 3.9%

340.0 2.7 + C.2
350.0 1310

340.0 C.62 + C.C8
350.0 1.31

100.0 0.0 C.C21
150.0 0.0 C.C7
190.0 Ce24
200.0 0.66

250.0 0.0

270.0 C.38
340,0 C.54 + C.C§
350.0 0.0

100.0 0.0 C.Cll
150.0 0.0 C.CC9
190.0 C.26
200.0 0.66

250.0 0.0

REF

23

23
23
23
23
23
23

23
23
23

23
23

23
23
23
23
23
23
23
23
23

23
23

23
23
23
23
23

23
23

23
23

23
23
23
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INC. TARGET RESIDUAL ENERGY SIGMA (MB) REF
PART NUCLEUS NUC LEUS {MEV) CALCULATED EXPERIMENT

P u(238, 92)  AC(225, 89) 270.0 Coul 23
P U238, 92)  AC(225, 89) 340.0 0.62 + C.13 23
P u(238, 92) AC(225, 89) 350.0 1430

P ut238, 92)  AC (224, 89} 340.0 1.C5 + C.C5 23
P U238, 92)  AC(224, 89) 350.0 0.0

P ut238, 921 RA {228, 88) 340.0 C.Cy43 23
P U238, 92) RA(228, 88) 350.0 0.0

] ut238, 92) RA(225, 88) 340.0 C.26 + 0O.C2 23
P ut238, 92) RA(225, 88) 350.0 0.0

P U238, 92) RA(224, 88) 100.0 0.0 c.CI? 23
P U238, 92) RA(224, B88) 150.0 0.0 c.C9 23
P ut238, 92) RA(224, 88) 200.0 0.0 C.26 23
p ut238, 92) RA(224, 88) 250.0 0.0

P U238, 92) RA(224, BB) 270.0 Colik 23
P Ur238, 92) RA{224, 88) 3u0.0 G.58 + 0.18 23
P u(238, 92) RA(224, 88) 350.0 0.0

] ut238, 92) RA(224, 88) 340.0 2.8 23
P U238, 92) RA(224, 8B) 350.0 0.0

P ut238, 92) RA(223, 88) 340.0 C.48 + Dol 23
P u(238, 92) RA(223, 88) 350.0 0.0

P ut238, 92) AT(210, B85) 200.0 0.0 c.cs 23
P ut238, 92) AT(210, B5) 340.0 1.2 23
P u{238, 92) AT(210, 85) 350.0 0.0

P ut238, 92) PO(210, Bu) 200.0 0.0 Coi? 23
P ut23s, 92) PO(210, B4) 340.0 1.7 23
P u(238, 92) P0(210, B4) 350.0 0.0

P ut238, 92) B8I1(210, 83) 200.0 0.0 N 23
P ut238, 92) BI1(210, B3) 340.0 1.6 23
[ ut238, 92y BIl(2)1D, 83) 350.0 0.0

P ut238, 92) 0S(193, 76) 340.0 c.Ci 23
P ur238, 92) 0S(193, T6) 350.0 0.0

P ut238, 92) YB(l66, 70) 340.0 C.7 23
P u(238, 92) YB (166, T0) 350.0 0.0

P ut238, 921  HO(166, 6T) 340.0 £.C5 23
P U238, 92) HOU166, 67) 350.0 0.0

P ut238, 92) DY(1664 66) 340.0 Colt 23
P ut238, 92) DY(I166, 66) 350.0 0.0

P u(238, 92) TB (164, 65) 150.0 0.0

P u(238, 92) TB(164, 65) 170.0 0.05 + 0.C2 23
P u(238, 92) T8 (163, 65) 158.0 .0

P ut238, 92) TB(163, 65) 170.0 0.10 + 0.Cu 23
P u(238, 92) T8 (161, 65) 150.0 0.0

P U238, 92) TB{16), 65) 170.0 C.3 + 0.1 23
3 u(238, 92) TBLI160, 65) 150.0 0.0

P u{238, 92) T8 (160, 65) 170.0 Cok + 0.3 23
P ut238, 92) GDUI59, 64) 150.0 0.0

P u(238, 92) GD(159, 64) 170.0 C.u5 + C.IC 23
P U238, 92) EUUIST, 63) 50.0 0.0

P ut238, 92) EULIST, 63) 70.0 c.9C 23
P u(238, 92) EU(I5T, 63) 100.0 0.0 c.89 23
P u(238, 92) EUI5T, 63) 150.0 0.0 C.54 23
P U238, 92) EVUUIST, 63) 170.0 0.50 + C.C8 23
P u(238, 92) EULIST, 63) 200.0 0.0 C.ké 23
P ut238, 92) EU(IST, 63) 250.0 0.0 Cok7 23
P U238, 92) EULIST, 63) 300.0 0.0 C.42 23
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INC. TARGET RESIDUAL ENERGY SIGMA (MB) REF
PART NUCLEUS NUC LEUS (MEV) CALCULATED EXPERIMENT

P U238, 92) EUCIST, 63) 3u0.0 C.40 23
P u(238, 921 EUCIST, 63) 350.0 0.0

P ut238, 92} EULI56, 63) 50.0 0.0

P u(238, 92) EU(156, 63) 70.0 1.22 23
P u(238, 92) EU(156, 63) 100.0 0.0 1.21 23
P u(238, 921 EULIS56, 63) 150.0 0.0 C.93 23
P u(238, 92) EULI56, 63) 200.0 0.0 C.86 23
P U238, 92) EU(156, 63) 250.0 0.0 C.92 23
P u(238, 92) EU(IS56, 63) 300.0 0.0 1e12 23
P u(238, 92) EULIS56, 63) 340.0 2.8 23
P u(238, 92) EULIS56, 63) 340.0 1.22 23
P u(238, 92) EULI56, 63) 350.0 0.0

P u(238, 92) SK(156, 62) 150.0 0.0

P ut238, 92} SMU156, 62) 170.0 Cl7 ¢+ 0.C7 23
4 u238, 921 SM{I56, 62) 340.0 1.2 23
p ut238, 921 SM(156, 62) 350.0 a.o

P u(238, 92) SM(153, 62) 50.0 0.0

4 U238, 92) SM(153, 62) 70.0 4.6 23
P u(238, 92) SM(I53, 62) 100.0 0.0 4.4 23
P u(238, 92} SM(153, 62) 150.0 0.0 3.1 23
P ut238, 92) SM{I153, 62) 200.0 0.0 2.6 23
P u(238, 92} SM{153, 62) 250.0 0.0 2.6 23
4 u(238, 92) SM{153, 62) 300.0 . D.O 2.4 23
P u(238, 92} SM{I53, 62) 340.0 4.5 23
P u(238, 92) SM(153, 62) 340.0 2.C 23
e ut 238, 92} SM(153, 62) 350.0 0.0

P ut238, 92) PMI51, 61) 150.0 0.0

P ut238, 92) PM{ISE, 61) 170.0 2.8 + 0.4 23
[ 4 ut238, 921 PM(150, 61) 150.0 0.0

4 ut238, 921 PM(150, 61) 170.0 lel ¢+ 0.3 23
P uc238, 92) PM{I49, 61) 150.0 0.0

P ut238, 92) PMLIU9, 61) 170.0 5.4 + 0.8 23
P u(238, 92) NO (149, 60) 150.0 0.0

P u(238, 921 ND (149, 6O) 170.0 5.6 + 0.8 23
P ut23s, 92) ND (147, 60) 50.0 0.0

P u( 238, 92) NDtIWT7, 60) 70.0 17.0 23
P u(238, 92) ND (147, 60) 100.0 0.0 18.0 23
P u(238, 92) ND (147, 60) 150.0 0.0 12.0 23
P ut238, 92) ND (147, 60) 200.0 0.0 1.3 23
P ut238, 92) ND (14T, 60) 250.0 0.0 t.u 23
P U238, 92) ND (17, 60) 300.0 0.0 1C.8 23
p ut238, 921 ND (147, 60) 340.0 .7 23
P u(238, 92) ND(147, 60) 340.0 33.0 23
P ut238, 921 ND (147, 60) 350.0 0.0

P ut238, 92) ND (140, 60) 150.0 0.0 C.7 23
P ue238, 921 ND (140, 60) 200.0 0.0 3.4 23
P ut238, 92) ND (140, 60) 250.0 g.0 7.l 23
P ut238, 92) ND (140, 60) 300.0 0.0 13.0 23
P u(238, 92) NO (140, 60) 340.0 17.0 23
P u(238, 92) ND (14D, 60} 340.0 4.2 23
P ut238, 92) ND (140, 60) 350.0 0.0

P ut238, 92) PR{IUS5, 59) 150.0 0.0

P U238, 92) PRUILS, 59) 170.0 12.C + 2.C 23
P ut238, 92} PR{IL3, 59} 50.0 0.0

P ut238, 92) PRUIL3, 59) 70.0 C.26 23



INC.
PART

-2 BT - B - B - B R IR - B - B - B - B - B - B - B - B - B - M- B - B i - - B - i - B - T - B - B - B - B - B - - B - B - - B - e - - B - - B - B - B - B - B~ - - B - B - B~ - - B~ e =

TARGET
NUCLEUS

u{ 238,
u(23s8,
ut238,
u(238,
u(238,
u(23s,
ut23s,
u(238,
u( 238,
ut{ 238,
ut23s,
u(23s8,
ut 238,
u(238,
ui23s8,
u(238,
u( 238,
ut23s,
u(23a,
ut 238,
ut23a,
ut23s8,
ut23s8,
Ut 238,
u(238,
u(23s,
ut23s,
U238,
u(238,
ut 238,
ut238,
ut23s,
ut 238,
u(23s8,
ut 238,
u(23s,
U238,
ut23s,
ut23s,
u(238,
u( 238,
u(23s8,
u(238,
ul21s,
ul 238,
u(23s,
u(238,
ut238,
Ut 238,
ui23s,
ut 238,
ut 238,
uf{ 238,
u{ 238,
ut23s8,

92)
92)
92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
92)
92)
92)
92)
92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
92)
92}

RESIDUAL
NUC LEUS

PR{IL3,
PR(I43,
PR{143,
PR(IL3,
PR{I43,
PR{I43,
PR(IU3,
PRUIN3,
PRUIW2,
PR{142,
PRUIL2,
PR(I42,
CE(lllb,
CE(1uu,
CE(ILbL,
CEUlLY,
CE(ibk,
CE(lul,
CElINL,
CE(IL3,
CE(IN3,
CE(Iu3,
CE(I143,
CE(I43,
CE(IN3,
CE(I43,
CE(IN3,
CE(IW3,
CE(lINL,
CE(INI,
CE(INI,
CE(ikl,
CE(tul,
CECILi,
CEUIL,
LAUIWY,
LACILG,
LA(IWO,
LAGILO,
LALINE,
LA(I4O,
LA(I4O,
LA(I40,
LALILO,
LAQI4O,
LA(I4O,
LA(INO,
sAllIuO,
BA(IWO,
BA(I40,
8A (140,
BA(139,
BA(139,
BA(139,
BA(139,

59)
59)
59)
59)
59)
59N
59}
59)
59)
59)
59)
59)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
58)
57)
5T)
ST
57}
57)
57)
57)
57)
57}
57)
57)
57)
56)
56)
56)
56)
56)
56)
56)
56)

ENERGY
(MEV )

100.0
150.0
200.0
250.0
300.0
340.0
340.0
350.0
150.0
170.0
340.0
350.0

50.0

70.0
100.0
150.0
200.0
340.0
350.0

50.0

70.0
100.0
§150.0
200.0
250.0
300.0
340.0
350.0

50.0

70.0
t00.0
150.0
200.0
340.0
350.0
150.0
170.0

50.0

70.0
100.0
150.0
200.0
250.0
300.0
340.0
340.0
350.0
150.0
170.0
340.0
350.0
150.0
170.0
340.0
350.0

CALCULATED

0O0Qoo
.
ooo0ooo

o0
[=Re]

. o e o 0 .. ¢ o o o o . e o s o o

Cgooo0o O 90 000 oo 0Looo O 00O oo

oOoo00 0O 00 000 00 0OO0o0Ooo0o OO0 oo oo

o0
LR
Qo

oo
.
a9

EXPERIMENT

- N N = NN

e e ¢ & o o

I RPN G N B

1.6 + 0.2
7.8

3c.0
28.C
18.0
§17.C
14.0

36.0
3.0
22.0
21.0
2t.0
23.0
2C.C

49.0
51.0
26.0
36.0
.0

2.4 + 5.0

N e oy = O~ (DL

ne WO

21.C + 2.C
23.0

2%.C + 2.C
43.0

REF

23
23
23
23
23
23
23

23
23

23

23
23
23

23
23
23
23
23
23
23

23
23
23
23
23

23
23
23

23
23
23
23

23
23

23
23



INC'
PART

VOOV IV VO VOV VOV IV VUV VUV ODVVIVVIOVOVVOIVIUOVIYVTVOVOVIOVOVOUVTOVOOVVOVOOVODVOVOOVIVUVYVY

TARGET
NUCLEUS

u(238,
ut238,
u(238,
ut 238,
u(238,
u(238,
u(238,
u(238,
ut 238,
u(238,
u(23s,
U238,
u(238,
ut 238,
u(238,
U238,
ut23s,
u({ 238,
u(23s,
U238,
ut 238,
ut 238,
ut 238,
u(238,
ut 238,
u(23s,
ut 238,
U238,
ut238,
u( 238,
ut238,
u(238,
U238,
ut23s,
u(238,
u(238,
u{ 238,
ut 238,
ut23s,
u(238,
ut238,
ut 238,
u{238,
U( 238,
ut 238,
ut238,
u{23s8,
U238,
u(238,
u(238,
ut238,
U238,
u(238,
U238,
u( 238,

92)
92)
92)
92)
92}
92)
92)
921
92)
92)
92)
92}
92)
92)
92)
92)
92)
92)
92)
92}
92)
92)
92}
92)
92)
92)
92)
92}
92)
92)
92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
92)
92)
92)
92)
92)
92)

RESIDUAL
NUC LEUS

BA (135,
BA (135,
Cs(t36,
CSti36,
CS(136,
CSti36,
10134,
10134,
1133,
ra3s,
I1(132,
10132,
(131,
I¢«13i,
1431,
1030,
10130,
raezs,
1128,
10126,
1(126,
I(124,
2.,
TE{(13y4,
TE(I34,
TEQ(132,
TE(132,
TE(132,
TE(131,
TEWI31,
TE(131,
TE(138,
TEWI31,
SBUI3Y,
sB(131,
S8 (127,
s8 (127,
SB(124,
S8 (124,
cowns,
cottts,
coans,
AGUINT,
AGIILT,
AG(IIT,
AGLINLY,
AG(110,
AG (1) 0,
PD(112,
PDLIE2,
PDiii2,
PDUII2,
PDILIIY,
PDUITY,
PD (109,

56)
56)
55)
55)
55)
55}
53)
53)
53)
53)
53)
53)
53)
53)
53)
53)
53)
53)
53)
53)
53)
53)
53}
52)
52)
52}
52)
52)
52)
52)
52)
52)
52)
51)
51)
51)
51)
50)
51)
48)
48)
48)
u7)
47)
w7
47)
u7)
47)
46)
46)
4o)
46)
46}
46)
46)

45

ENERGY
(MEV)

150.0
170.0
150.0
170.0
340.0
350.0
150.0
170.0
150.0
170.0
150.0
170.0
150.0
170.0
170.0
150.0
170.0
150.0
170.0
150.0
170.0
150.0
170.0
i150.0
170.0
150.0
170.0
170.0
150.0
170.0
170.0
3u40.0
350.0
150.0
170.0
150.0
170.0
150.0
170.0
340.0
340.0
350.0
340.0
350.0
150.0
170.0
150.0
170.0
150.0
170.0
340.0
350.0
340.0
350.0
340.0

CALCULATEC

0.0
0.0
0.0

0.0

SIGMA (MB)

EXPERIMENT

6.8 + 0.9
13.C + t.C

.9
11.C +
18.C +

31.C +

C

C

16.C + 4.C
7.C

2y,C + 2.C
2

7.9 + 3.C

19.C + 6.C

2.2 + 0.3
12.0
34,0

4g,.s

52.C + uy,C
2.C + 1.C
5C.0 + 12.C

Se2
39.0
4.5

REF

23
23
23
23
23
23

23
23

23
23
23
23
23

23
23

23
23
23
23
23
23
23
23

23
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VOV VUV VOV OOV V O VOOV OVOUVOUVVVOVVIOVTVOVTVOVOVTVTOTVTOIVIVVUVVOVODOTVOVOVOOVUVUOVUOOVO

TARGET
NUCLEUS

ue238,
u(238,
ut238,
ut238,
u(238,
u(238,
u(238,
u(238,
u(238,
u{ 238,
u(238,
ut23s8,
ut238,
u(238,
U238,
ut238,
ut 238,
ut238,
u(238,
ut 238,
ut{ 238,
ut238,
u(238,
ut 238,
u(238,
ut238,
u(238,
U238,
u(238,
ut23s,
U238,
ut 238,
u( 238,
uc238,
u( 238,
u(238,
u(238,
u(238,
u(23s8,
ut 238,
u(23s,
yt238,
u{ 238,
ut23s,
u( 238,
ui 238,
u( 238,
ut238,
ut23s,
u(238,
u( 239,
ut238,
ut 238,
u(238,
u(238,

92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
92)
92y
92}
92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
921
92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)

RESIDUAL
NUCLEUS

PD (109,
RU(ID6,
RULIOG,
RULID6,
RULIDG,
RULOS,
RULIDS ,
RU(IO3,
RU(I03,
RUCID3,
RU(IO3,

MO (
MOt
MO(
MO ¢
MOt
MO
MO
MO (
MO(
NB (
NB (
NB (
NB (
NB (
NB {
N8B (
ZRI(
ZR(
IR {
Yt
Y
Yt
Y
v
AL
Y
Y
Yi
Yt
Y
Yi
Yi
Y
Yt
Yt
Yl
vt
Y
Y
Y
Y
Y
Yt
vl

99,
99,
99
99,
99,
99,
99,
99,
99,
97,
97,
96,
96,
96,
95,
95,
97,
97,
95,
93,
93,
93,
93,
93,
93,
93,
92,
92,
9y
91,
9,
9y
1,
91,
9l
9,
91y
1,
90,
90,
90,
90,
90,
90,

46}
uy)
)
by
44)
bi)
(T3]
bi)
bu)
bu)
44)
u2)
42)
42)
42)
42)
42)
W2)
42)
u2)
4l)
k1)
Wi}
W)
i)
W)
1)
40)
w0}
40)
39
39)
39
391
39)
39)
39
39
39)
39)
39)
39
39)
39)
39
39)
39)
39)
3N
39)
39
39)
39
39)
39

46

ENERGY SIGMA (MB)

{MEV) CALCULATEL EXPERIMENT
350.0 0.0

150.0 0.0

17T0.0 SC.C + 12.C
3ug.D 52.0
350.0 0.0

150.0 0.0

170.0 56.C + 7.C
150.0 0.0

170.0 3.0 + 12.C
340.0 42.C
350.0 0.0

50.0 0.0

70.0 71.0
100.0 0.0 6S.C
150.0 0.0 55.0
200.0 0.0 53.0
250.0 0.0 58.0
300.0 0.0 62.0
340.0 59.0
350.0 0.0

150.0 0.0

170.0 9.C + C.9
150.0 D.0

170.0 2,8 + C.2
170.0 2.7 + 0.6
150.0 0.0

170.0 C.47 + C.C6
150.0 0.0

170.0 32.C ¢ 6.C
170.0 33.C + 3.C
100.0 0.0 49.0
150.0 0.0 39.0
200.0 0.0 38.C
250.0 0.0 2g.C
300.0 D.0 3g.0
340.0 3e.0
350.0 0.0

150.0 0.0

170.0 11.9 + 2.C
50.0 0.0

70.0 27.0
100.0 0.0 ac.c
150.0 0.0 27.0
200.0 0.0 26.0
200.0 0.0 3.7
250.0 0.0 37.0
300.0 0.0 37.0
340.0 32.0
350.0 0.0

50.0 0.0

70.0 c.C2
100.0 0.0 .11
150.0 0.0 C.15
250.0 0.0 3,8
300.0 0.0 3.9

REF

23
23

23

23
23

23
23
23

23
23
23

23

23
23

23

23
23
23
23
23
23
23
23

23

23
23
23
23
23
23
23
23

23
23
23
23
23
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TARGET
NUCLEUS

u(238,
ut238,
y(238,
ut238,
ut 238,
U238,
ut238,
u(238,
ut23s8,
u(238,
u{ 238,
ut238,
ut238,
u(238,
uf238,
u(238,
ut23s,
u( 238,
ut238,
u(238,
u(238,
uf 238,
u{ 238,
ut 238,
ut 238,
ut 238,
ut238,
u(238,
u(238,
u(23s8,
ut238,
u(238,
u( 238,
u( 238,
ut23s,
ut238,
u(23s8,
u(23s8,
u( 238,
ut238,
u(238,
ut 238,
ut238,
u(238,
ut 238,
u{ 238,
uf 238,
u(238,
ut238,
u{ 238,
u{238,
ut 238,
u( 238,
u( 238,
u(238,

92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
92}
92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)

RESIDUAL
NUC LEUS

Y

Y
SR{
SR (
SR{
SR{
SR(
SR (
SR{(
SR{
SR{
SR {
SR{
SRI(
SR{
SR(
SR(
BRI
BR(
RB(
RBI(
BR(
BR{
BR{
BR{
BR{
BR{
BRI
BR{
BR(
BR(
BR{
SE(
SEL
SE(
SE(
AS{
AS(
AS{
AS{
AS(
AS{
AS{
AS{
AS(
AS{
Ast
ASt
GE(
GE(
GE(
GE (
GE{
GE(
GA(

90y
90,
92,
2,
92
92,
91
9,
FA K
1,
0,
90,
90,
89,
89,
89,
89,
86,
86,
86,
86,
8h,
8"1
83,
83,
83,
83,
83,
82
82,
80,
80,
83,
83’
81,
81,
78y
78,
17,
T7,
T7y
T6,
Tb,
761
T6y
76'
Ty
Tu,
78,
78,
77,
77,
73,
731
72,

39
39)
38)
38)
38)
38)
38)
38)
38)
38)
38)
38)
38)
38}
38)
38)
38)
3N
37)
37
37)
35)
35)
35)
35)
35)
35)
35)
35)
35)
35)
35)
34)
34)
34}
34)
33)
33)
33)
33)
33)
33)
33)
33)
33)
33)
33)
33)
32)
32)
32}
32)
32)
32)
32)

47

ENERGY SIGMA (MB)

(MEV) CALCULATED EXPERIMENT

3u0.0 7.2
350.0 0.

150.0 o.
170.0 6.2
340.0 4Cc.0
350.0 0.0

150.0 0.0

170.0 35.C + 4.C
340.0 38.0
350.0 0.0

150.0 0.0

t70.0 31.C +
170.0 23.C +
150.0 0.0

170.0 21.C
3u0.0 3
350.0
150.0
170.0 2.3 +
3u0.0 13,
350.0 0.0
3u0.0

350.0 0.0
150.0 0.0
170.0 5.0 + 0.9
170.0 CeT7 + 1.2
340.0 3.8
350.0 0.0
340.0

350.0 0.0
3u0.0

350.0 0.0
3u0.0

350.0 0.0
340.0

350.0 0.0
150.0 0.0
170.0 2
150.0 B.0

170.0 5
170.0 L]
150.0 0.0

170.0 C
170.0 C.
340.0 C.2
350.0
150.0
170.0
150.0
170.0 6.7 + 2.7

150,.n

SUueu

170.0 2.9 + Dol
150.0
170.0
150.0

C.C34 + O.CCu

o Qo
o ®
o oo

=]
=]

1.95 + 0.12

o o
. .
o o

REF

23

23
23

23
23

23
23
23
23
23
23
23
23
23
23
23
23
23
23

23

23
23

23
23
23
23
23
23

23
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ul
ut
ut
Ut
ul
ut
utl
ut
ut
Ut
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TARGET
NUCLEUS

238,
238,
238,
238,
238,
238,
238,
238,
238,
238,
238,
238,

ut23s,
uf23s,
u(23s,

ut

238,

ut23s,

ut

238,

u(23s,
u(23s,

ut
ALt
AL(
ALl
ALt
ALt
ALt
ALl
ALl
ALt
AL(
41
pBl
C
ct
Ct(
cl
(o}
ct
ct
ct
[}
ct
Cl
ct
Ct

238,
27,
27,
27,
27,
27,
27,
27,
27,
27,
27,

206,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,

92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
92)
92)
92)
92)
92)
92)
92)
92)
92)
92}
92)
13)
13)
13)
13)
13)
13
13)
13)
13)
13)
82)
82)

6)

6)

6)

6)

6)

6)

6)

6)

6)

6)

6)

6}

6)

RESIDUAL
NUCLEUS

GA{
INt
IN(
cul
cul(
cut
cult
cut
cul
NIt
NI(
NI
NI
NI (
NI (
NI(
NI
FE(
FE(
NA (
NA(
MG ¢
MG (
NA (
NA(
F(
Fil
N{
N(
ct
[}

T2,
72,
72,
67y
6T,
67,
67,
bl y
ok,
66,
66,
66y
66,
65,
65,
65
65,
59
59,
24
24,
27,
27,
2k,
24,
18,
18,
13,
13,
1K)
11,

PB (204,
PB (204,

ct

QOO0 OO0OOO0D
P N Y e

-—— . - - - - - -
- % %W e e we v e ew

32)
30)
30
29)
29)
29)
29)
29
29)
28)
28)
28)
28)
28)
28)
28)
28)

48

ENERGY
(MEV)

170.0
340.0
350.0
150.0
170.0
340.0
350.0
150.0
170.0
150.0
170.0
340.0
350.0
150.0
170.0
340.0
350.0
340.0
350.0
340.0
350.0
350.1
3710.0
350.0
370.0
350.0
370.0
350.0
370.0
350.0
370.0

24.0

25.0

50.0

53.0

80.0
100.0
127.0
t150.0
t79.0
200.0
212.0
245.0
250.0
300.0
30%.0

SIGMA (MB)
CALCULATED EXPERIMENT
C.53 + C.C¢6
2.1
0.0
0.0
0.96 ¢+ Col6
2.1
0.0
0.0
£.C026 + C.CC2
0.0
C.87 + C.Cé
C.63
0.0
0.0
C.80 + G.C3
C.56
0.0
C.18
0.0
C.C5
0.0
3.3 13.3)
Set ¢+ 2.C
3.50 (12.3)
2L.4
0.62 (4.7)
6.8 + 2.4
0.21 (1.0}
3.2 + 2.4
C.41 (0.0)
(3.4)
325.0
1401 .89
16.8 + 1.9
1.0 ¢+ 1.C
28.C + 4.0
57.08 + 3.6
59.C + 5.C
84,25 + 5.1
68.C + 6.C
72.0 + 4.7
67.C + 6.C
61.C + 6.C
50.33 + 4.4
45.30 + 4.2
41.C + 4.0

REF

23
23

23
23
23
23
23
23
23
23

o

[ X - S - N -

31
31

31
3l
31
31

31



49

NASA-High Energy Listing

Tino Ahrens, Advanced Research Corporation, 715 Miami Circle, N.E., Atlanta,
Georgia 30324

Louls Avrami, Explosives Laboratory, Bldg. U407, Pictinny Arsenal, Dover,
New Jersey 07301

M. Awschalom, Princeton Penn. Accelerator, P. 0. Box 682, Princeton,
New Jersey 08540

M. Barbier, CERN, Geneva Switzerland

N. Barr, Radiological Physics Branch, Division of Biology and Medicine,
U. S. Atomic Energy Commission, Washington, D. C. 20545 (5 copies)

C. K. Bauer, Dept. T72-34, Z-26, Lockheed-Georgia Company, Marietta,
Georgia 30060

P. R. Bell, TH, Chief of Lunar and Earth Sciences Division, Manned Space-
craft Center- NASA, Houston, Texas 77058

S. Bresticker, Grumman Aircraft Engineering Corp., Space Sciences Group,
Plant 5, Bethpage, L. I., New York 1171k

Karan 0. Brien, Health and Safety lLaboratory, Radiation Physics Division,
376 Hudson Street, New York, New York 10014

Brooks Air Force Base, Radiobiology Department, Chief, San Antonio,
Texas 78235 ,

M. O. Burrell, M-RP-NIP, National Aeronautics and Space Adm., Marshall
Space Flight Center, Huntsville, Alabama 35812

B. W. Colston, U. S. Atomic Energy Commission, Sandia Area Office,

P. 0. Box 5L00, Albuquerque, New Mexice 87115

R. G. Cochran, Department of Nuclear Engineering, A and M College of
Texas, College Station, Texas

Ted Colvin, Bendix Systems Division, 3300 Plymouth Road, Ann Arbor,
Michigan 48105

E. A. Cosbie, Argonne National Laboratory, Argonne, Illinois 60440

Frederick P. Cowan, Brookhaven National Laboratory, Upton, L. I., New
York 11973

Director, Defense Atomic Support Agency, Pentagon, Washington, D. C.
20301




50

Charles A. Dempsey, 6570 AMRL (MRT), Wright-Patterson AFB, Ohio 45433

H. DeStaebler, Jr., Stanford Linear Accelerator Center, Stanford University,
Stanford, California 94305

Herman J. Donnert, U. S. Army Nuclear Defense Laboratory, AMXND-C, Edge-
wood Arsenal, Maryland 21010

D. W. Drawbaugh, Westinghouse Electric Corp., Astronuclear Laboratory, P. O.
Box 10864, Pittsburgh, Pennsylvania 15236

John E. Duberg, National Aeronautics and Space Adm., Langley Research Center,
Langley Field, Virginia 23365 '

D. L. Dye, The Boeing Company, Mail Stop S3-72, Seattle, Washington 98124

Ronald F. Edge, Department of Physics, University of South Carolina,
Columbia, South Carolina

Nat Edmunson, Code R-RP-N, National Aeronautics and Space Adm., Marshall
Space Flight Center, Huntsville, Alabama 35812

Robley D. Evans, Professor of Physics, Room 6-315, Massachusetts Institute
of Technology, Cambridge, Massachusetts 02139

E. M. Finkelman, Grumman Aircraft Engineering Corp., LEM Project, Plant 25,
Bethpage, L.I., New York 1171k

Trutz Foelsche, National Aeronautics and Space Adm., Langley Research
Center, Langley Field, Virginia 23365

R. E. Fortney, Northrop Space Laboratories, 3401 West Broadway, Hawthorne,
California 90250

Leo Fox, Code RBH, Biotechnology and Human Research Division, National
Aeronautics and Space Adm., Washington, D. C. 20546

Stan Freden, Aerospace Corp., Box 95085, Los Angeles, California  900LS
J. Y. Freeman, Division MPS, CERN, Geneva 23, Switzerland
J. Geibel, CERN, Geneva, Switzerland

R. C. Good, Jr., General Electric Company, Room M7023H - VFSTC, P. O. Box
8555, Philadelphia, Pennsylvania 19101

F. Gordon, Code 716, National Aeronautics and Space Adm., Goddard Space
Flight Center, Greenbelt, Maryland 10027

Raymond M. Hansen, MS 235, National Aeronautics and Space Adm., Langley
Research Center, Mail Stop 235, Langley Field, Virginia 23365




51

Harry Harrison, Code RRE, National Aeronautics and Space Adm., Hdgts.,
Washington, D. C. 20546

Russell Heath, Phillips Petroleum Company, P. 0. Box 2067, Idaho Falls,
Idaho 83L01

Herbert D. Hendricks, National Aeronautics and Space Adm., Langley Research
Center, MSL99, langley Field, Virginia 23365

W. N. Hess, National Aeronautics and Space Adm., Goddard Space Flight
Center, Greenbelt, Maryland 20771

R. H. Hilberg, Bellcomm, Inc., 1100 17th Street, N.W., Washington, D. C.
20036

Charles W. Hill, Dept. 73-69, Zone 280, Lookheed-Georgia Company, Marietta,
Georgia 30060

L. Hoffman, CERN, Geneva, Switzerland

J. T. Holloway, Grants and Research Contracts, Office of Space Sciences,
National Aeronautics and Space Adm., Washington, D. C. 20546 (5 copies)

William C. Hulten, National Aeronautics and Space Adm., Mail Stop 235, Langley
Research Center, Langley Field, Virginia 23365

T. Tnada, National Institute Radiological Sciences, 250 Kurosuna-Cho, Chiba-
Shi, JAPAN

Lt. Joseph F. Janni,WLRB-1, Air Force Weapons Laboratory, Kirtland Air Force
Base, New Mexico 87117

Dale W. Jenkins, Chief, Environmental Biology, Office of Space Sciences,
NASA, Washington, D. C.  205u6

Philippe Tardy-Joubert, Serv. De Protection Contre Les Radiation, Centre D.
Etudes Nucleaires De Saclay, B. P. No. 2, Gif-Sur-Yvette (Seine et Oise),
FRANCE

Clyde Jupiter, General Atomic, P. 0. Box 608, San Diego, California 92112

Irving Karp, NASA/ Lewis Research Center, Cleveland, Ohio 44135

Ludwig Katz, Air Force Cambridge Research Center, L. G. Hanscom Field,
Massachusetts

Glenn Keister, Boeing Airplane Company, Aerospace Division, P. 0. Box 3707,
Seattle, Washington 9812k

J. Warren Keller, Code RV-1, Naticnal Aeronautics and Space Adm., Washington,
D. C. 20546 (3 copies)



52

James F. Kenny, Boeing Scientific Research Laboratory, P. O. Box 3981,
Seattle, Washington 98124

E. C. Kidd, Zone S71, Dept. 61-2, General Dynamics/Fort Worth, P. 0. Box T8,
Fort Worth, Texas 76101

David King, Department of Physics, University of Tennessee, Kioxville,
Tennessee 37916

Robert L. Kloster, McDonnell Aircraft Corp., P. O. Box 516, St. Louis,
Missouri 63166

George A. Kolstad, Assistant Director Physics-Math Programs, Division of
Research, U. S. Atomic Energy Commission, Washington, D. C. 20545

Eugene B. Konecci, Department of Management BEOB-200, University of Texas,
Austin, Texas 78712

W. Kreger, Code 940, U. S. Naval Radiological Defense Laboratory, San
Francisco, California 94135

Ed Kuhn, Republic Aviation Corporation, Power Conversion Systems Division,
Farmingdale, L. I., New York 11735

Wright H. Langham, Los Alamos Scientific Laboratory, Los Alamos, New
Mexico 87544

Borje Larsson, University of Uppsala, The Gustaf Werner Institute, Uppsala,
Sweden

J. M. Lavie, Centre D. Etudes Nucleaires, De Saclay, S. E. C. R. - B. P.
No. 2, 91-Gif-Sur-Yvette, FRANCE

Martin Leimdorfer, Industri-Matematik AB, De Geersgatan 8, Stockholm No.
SWEDEN

S. H. Levine, Northrop Space Laboratories, 3401 W. Broadway, 2452/61,
Hawthorne, California 90250

Lynn R. Lewis, Dept. 250, Bendix Systems Division, 3300 Plymouth Road, Ann
Arbor, Michigan 48105 -

John R. Iilley, A-830-BBFO-78, Missile Space Systems Division, Douglas
Aircraft Co., Inc., Santa Monica, California

S. J. Lindenbaum, Brookhaven National Laboratory, Upton, L. I., New
York 11973

Major Russell E. Linkous, Air Force Systems Commend (SCTR), Andrews AFB,
Maryland 20331




53
M. Stanley Livingston, Cambridge Electron Accelerator, 42 Oxford Street
Cambridge, Massachusetts 02139
Robert Macklin, Jet Propulsion Laboratory, Pasadena, Californjia 91103

Brian Mar, Boeing Airplane Co., MS 23-82, Aerospace Division, P. 0. Box
3707, Seattle, Washington 98124

L. W. McCleary, S pace and Information Systems Division, North American
Aviation, Downey, California 90242

Thomas J. McGuire, Systems Engineering Group (SESSV), Wright-Patterson AFB,
Ohio 45433

E. J. McLaughlin, Space Medicine, NASA - Code MM, Washington, D. C. 20546

R. V. Meghreblian, Jet Propulsion Laboratory, L800 Oak Grove Drive, Pasadena,
California 91103

Albert E. Metzger, Jet Propulsion lLaboratory, 354-401F, 4800 Oak Grove,
Pasadena, California

J. M. Miller, Chemistry Department, Columbia University, New York, New
York 10027

R. A. Miller, Zone S71l, Dept. 61-2, General Dynamics/Fort Worth, P. 0. Box
748, Fort Worth, Texas 76101

Jerry L. Modisette, National Aeronautics and Space Adm., Manned Spacecraft
Center, Houston, Texas 77001 (5 copies)

Winnie M. Morgan, Technical Reports, Grants and Research Contracts, Office of
Space Sciences, NASA, Washington, D. C. 20546 (25 copies)

B. J. Moyer, University of California, Lawrence Radiation Laboratory,
6141 Building S0A, Berkeley, California 94720

R. F. Mozley, SLAC, Stanford University, Stanford, California 94305

Capt. J. D. Munson, Space Systems Division (SSTDS), Los Angeles Air Force
Station, Los Angeles, California 90045

Sam V. Nablo, ION Physics Corporation, Burlington, Massachusetts 01803

R. R. Nash, Code RRM, National Aeronautics and Space Adm., Washington,
D. C. 20546

John P. Neissel, MC~-506, 175 Courtner Avenue, General Electric Company,
San Jose, California 95125

W. R. Nelson, Stanford Linear Accelerator Center, Stanford, California

94305



54

W. K. H. Panofsky, Stanford Linear Accelerator Center, Stanford University,
Stanford, California  9L305

Wade Patterson, University of California, Lawrence Radiation Laboratory,
Berkeley, California 94720

Maynard Pearson, Boeing Airplane Company, Aerospace Division, P. 0. Box 3707,
Seattle, Washington 9812k

Col. John E. Pickering, USAF, National Aeronsutics and Space Adm., (Code MM),
Washington, D. C. 20546

G. F. Pieper, Code 600, National Aeronautics and Space Adm., Goddard Space
Flight Center, Greenbelt, Maryland 10027

Robert Pruett, P. O. Box 95085, Los Angeles, California 90045

Arthur Reetz, Code RV-1l, National Aeronautics and Space Adm., Washington,
D. C. 20546 (3 copies)

0. Reynolds, Director, Bio-Science Programs, Office of Space Sciences,
National Aeronautics and Space Adm., Washington, D. C. 20546 (5 copies)

Robert G. Riedesel, Douglas Aircraft Company, Missile and Space Division,
3000 Ocean Park Blvd., Santa Monica, California  90LO5

Don Robbins, ET32, National Aeronautics and Space Adm., Manned Space-
craft Center, Houston, Texas 77058

H. J. Schaefer, U. S. Naval School of Aviation Medicine, U. S. Naval
Aviation Medical Center-5k, Pensacola, Florida 32512

W. Wayne Scott, Chattanooga State Technical Institute, 4501 Amnico Highway,
Chattanooga, Tennessee 37401

Robert L. Seale, University of Arizona, Tuscon, Arizona 85721
Pierre Lafore Sepp, Commissariat A L. Energie Atomique, Centre D. Etudes
Nucleaires,De Fontenay-Aux-Roses (Seine), Boite Postale No. 6, 92

Fontenay Aux Roses, FRANCE

Jerome L. Shapiro, Division Engineering and Applied Science, Pasadena,
California 91109

R. D. Shelton, Code R-RP-N, National Aeronautics and Space Adm., Marshall
Space Flight Center, Huntsville, Alabama

Robert T. Siegel, Department of Physics, College of William and Mary,
Williamsburg, Virginia 23185

J. J. Singh, M.S. 234, NASA. Langley Research Center, Langley Station,
Hampton, Virginia 23365




55

G. D. Smith, Ames Research Center, Moffett Field, California 94035
Jerry Speakman, 6570 AMRL (MRBBR), Wright-Patterson AFB, Ohio
Dwain F. Spencer, Jet Propulsion Laboratory, Pasadena, California 31103

Stanford Linear Accelerator Center, ATTN: Library, P. O. Box 4349, Stanford,
California 94305

William Steigelmann, Kuljian Corp., 1200 North Broad Street, Philadelphia,
Pennsylvania 19121

Henry Stern, R-RP-N, NASA, Marshall Space Flight Center, Huntsville,
Alabama 35812

T. R. Strayhorn, S-71, General Dynamics, Fort Worth, Texas 76101

S. Tom Taketa, Mail Stop N 236-5, NASA, Ames Research Center, Moffett
Field, California 94035

Fizo Tajima, Rikkyo University, Ikebukuro, Toshimaku, Tokyo, JAPAN

Ralph H. Thomas, Rutherford High Energy Laboratory, Chilton, Didcot,
Berks, ENGLAND

0. Lyle Tiffany, Chief Scientist, Bendix Systems Division, 3300 Plymouth
Road, Ann Arbor, Michigan 48103

Cornelius Tobias, University of California, Lawrence Radiation Laboratory,
Berkeley, California 94720

Jacob I. Trombka, Code SM, National Aeronautics and Space Adm., Washington,
D. C. 20546

W. Turchinetz, Massachusetts Institute of Technology, 155 Massachusetts
Avenue, Cambridge, Massachusetts

Werner Von Braun, Director, George C. Marshall Space Flight Center, NASA,
Huntsville, Alabama 35812

G. P. Wachtell, Franklin Institute, 20th and Parkway, Philadelphia,
Pennsylvania 19103

Roger Wallace, University of California, Bldg. 72, Lawrence Radiation
Laboratory, Berkeley, California 94720

G. T. Western, Y-71, General Dynamics, Fort Worth, Texas 76101

Glenn A. Whan, Associate Professor, Nuclear Engineering Laboratory, The
University of New Mexico, Albuquerque, New Mexico 87106



56

Robert Wheeler, D362-C1lL49, Argonne National Laboratory, 9700 South Cass
Avenue, Argonne, Illinois 60440

Ralph Wiley, Mail Zone Y-42, P. 0. Box Tu48, Fort Worth, Texas 76101

Maurice Wilkinson, The Boeing Company, M. S. 23-82, Seattle, Washington

a8124

W. R. Yucker, A-2-833, Douglas Aircraft Co., Nuclear Department, 3000 Ocean
Park Boulevard, Santa Monica, California 90405

Marcello Zocchi, Reactor and Radiation, National Bureau of Standards,
Washington, D. C. 20234

K. Ziock, Department of Physics, University of Virginia, Charlottesville,
Virginia 32901




57

INTERNAL DISTRIBUTION

1. Biology Library
2-4. Central Research Library
5-6. ORNL — Y-12 Technical Library
Document Reference Section
7-56. Laboratory Records Department
57. Laboratory Records, ORNL R.C.
58. L. S. Abbott
59. R. G. Alsmiller
60. T. W. Armstrong
61-70. H. W. Bertini
71. W. H. Jordan
72. C. E. Larson
73. R. 8. Livingston

74. H.
75-76. F.
77. M.
78. J.
79. R.
80. D.
81. J.
82. A.
83. H.
84. B.
85. W.
86. M.
87. L.

EXTERNAL DISTRIBUTION

G.
c.
Jde
E.
T.
A.
W.
M.
A.
c.
N.
H.
V.

ORNL.-4105
UC-34 — Physics

MacPherson
Maienschein
Skinner

Turner

Santoro

Sundberg

Wachter

Weinberg

Wright

Diven (consultant)
Hess (consultant)
Kalos (consultant)
Spencer (consultant)

88-2L46. Given distribution for Space Shielding and High-Energy Ac-
celerator Shielding and listed on preceding pages
247. J. A. Swartout, Union Carbide Corporation, New York, N.Y.
248. Laboratory and University Division, AEC, ORO
249-539. (Given distribution as shown in TID-4500 under Physics category




